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ZOOLOGY AND FOOD FISHES. 



It may be safely said that there is no greater source of 
popular error than that arising out of the mere want of 
knowing the exact relations of a being to its surroundings. 
This is largely due to the fact, that the generality of man- 
kind, absorbed in the cares of daily life, passes by unheeded 
things overlooked because always present. 

As all human knowledge has been acquired by the 
exercise of ordinary powers of observation, no apology is 
needed here for their application to a familiar fish. 

In one of the tanks of this exhibition there will be found 
the common Trout ; admired by all for its beauty and 
delicacy, well known to the angler for its agility, and to the 
fisher by certain external features, it still bears for us all 
under the present circumstances a lesson of even greater 
importance. All science is cosmopolitan, and systematic, 
working is demanded of its followers and advocates, in 
order that it may fulfil its purpose in the advancement 
of knowledge ; to this end our little Trout is known to 
every Zoologist by the name of Salmo farioy that having 
been bestowed upon it by Linnaeus, the father of our 
present system of nomenclature. While admiring the grace 
and elegance of the living animal, it may perhaps occur to 
some of us that it is just what we should imagine a fish 
ought to be — a thing with a pointed head and a long tail. 
True, but is this all ? First, let it be noted that the body 
consists of three subdivisions — a head, a trunk, and a tail ; 
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4 ZOOLOGY AND FOOD FISHES. 

the latter is used as a propelling organ, and there is a total 
absence of anything like a neck. The object of this is at 
once apparent, as any irregularity in the surface of such an 
animal would be a serious obstacle to ease of progression. 
The mechanical propelling action is kept up by the tail, 
which is produced into a notched fin — the caudal fin — ^but it 
will be seen that the more delicate movements are regulated 
by the other fins, of which in this animal there are seven. A 
little in front of the middle of the body there is placed, on the 
back, the large anterior dorsal fin, and midway between it 
and the tip of the tail there is a small posterior dorsal fin ; 
on the lower or ventral side of the body there occurs, in 
nearly the same position, a single anal fin, so called because 
it lies immediately behind the vent If a line were drawn 
along the middle of the back for its whole length, it would 
coincide in position with these dorsal and ventral fins ; they 
are therefore said to be median, as distinguished from the 
remaining four which are lateral and paired : this line 
would also subdivide the animal into two halves, each of 
which would be like the other, and such a creature is said to 
be bilaterally symmetrical. The paired fins then obviously 
i:orrespond, in relation, to our own limbs, and they in fact 
represent them ; the anterior or pectoral fins are placed, as 
they would be with us had we no neck, close behind the 
head ; while the posterior or ventral fins are in position 
rather more than midway between the pectoral and anal 
ones. The body is seen to be clad for the greater part in 
small scales, which, however, do not cover the head and fins ; 
it is of a whitish colour beneath, becoming greyish laterally, 
and getting darker as the back is reached ; the head and 
body, in part, are spotted with black, and generally there 
occur also some yellowish or reddish spots upon the sides. 
As the Trout, in common with even man himself, has a habit 
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of modifying its colour under change of circumstances, varia- 
tion in this respect is not surprising. 

Running along the side of the body is a streak, called by 
Zoologists the lateral line ; it is a highly modified structure 
of the nature of an organ of sensation, and in all probability 
plays a more important part in the economy of the animal 
than is at present imagined. Coming now to the head, the 
large eyes are clearly visible, and midway between these 
and the tip of the snout there is seen on either side an 
aperture, which upon close inspection is found to be 
divided into two by an oblique fold of skin ; this is the 
external nostril and leads into the nasal chamber. There 
are no true eyelids present, but the skin is produced into a 
couple of transparent folds, which lie in front of and behind 
the eye respectively. 

The only remaining parts in the living animal to be noted 
within the scope of these pages, are those concerning its 
respiration. The fish, in common with all living things, 
plant or animal, must have air, and as this is held in 
solution in the water, much as we should hold water in 
a sponge, the fish gets it by swallowing and squeezing, so' 
to speak, the surrounding medium. 

Immediately behind the mouth, on either side, is seen a 
movable flap — the operculum ; its movements will be seen 
to follow immediately upon those of the mouth, and as 
under cover of it there can be seen the red gills, it is also 
called the gill cover. There exists a series of slits in the 
side of the neck between the gills, placing the cavity of the 
mouth in communication with the gill cavity, and so with 
the exterior ; this being so, the animal on opening its mouth 
admits the water, the mouth is then closed, and the current 
of water, unable to find exit elsewhere, passes out over and 
between the gills, the movements of the gill cover being 
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partly due to the force of this outsetting current, and partly 
to a muscular effort. In order that the water, may not pass 
down the throat, and so on into the stomach, the back of 
the former is closed ; but more than this, for if carefully 
watched, it will be seen that the jSsh does not completely 
close its mouth, and at every respiratory movement there 
appears between the jaws an apparent film, clear and 
almost transparent in life ; this, which has been called the 
" veil or cross membrane " among fishes, really consists of a 
couple of delicate folds of the lining of the mouth, so Sir- 
ranged that the water, in the very attempt to rush out in 
fronpt, forces them into action to defeat its own purpose.* 

These observations are about all that an inexperienced 
onlooker can turn to any scientific account, without the aid 
of anatonjical knowledge; but a deal may be done by 
making good use of the power of observation in the 
ordinary course of life, and sufficient can be made out of 
the organization of a fish or other animal by merely pulling 
it about, if not in the exercise of the gastronomic function 
itself, to illustrate the leading facts of its structure. 

Upon handling a fresh and uninjured Trout, the first 
noticeable thing is that whereas the body is soft and clothed 
in muscle or flesh, the head and its adjacent parts are hard 
and encased in a bony skull ; the fins, too, are supported 
inside by a series of horny filaments or rays, and if put on the 
stretch, the scaleless skin which covers them will be seen to 
form a kind of web, while these fin-rays themselves fray 
out as they approach the edge of the fin. In front of and 
giving attachment to each of the paired fins can be felt a 
bony mass ; that of the anterior is very large, and it — the 
shoulder girdle — runs up towards the skull, and forwards 
under the gills ; the posterior one, on the contrary, is very 

* This can be well seen in the Pike. 
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small, and runs parallel with its fellow, constituting the hip- 
girdle. The two correspond to our own shoulder blade 
and hip bone respectively. These several bones, together 
with the vertebral column, make up an internal or endo- 
skeleton, as distinguished from the scales which, forming an 
armour on the surface, constitute an external or exo- 
skeleton. Each of the scales, if raised, will be seen to both 
overlap and to be overlapped by its fellaws, and while a 
delicate film of skin will be found connecting them together, 
a forcible pull is needed to displace one, which, like the 
drawing of a tooth, proves a close connection to exist 
between it and the underlying tissues. These latter, in a 
large fish, would show signs of rupture at that point to 
which the scale had been attached. 

If the mouth is forced open, it will be seen that the two 
jaws are beset with a series of sharp teeth, which are 
distributed over the whole gape, extending as far back as 
the middle of the eye, while in addition there occur, on the 
roof of the mouth and on the tongue, certain sets of similar 
teeth, all of which are recurved and so arranged that when 
once the prey is seized, its struggles only serve to hold 
it the firmer. The folds of the veil or cross membrane 
already alluded to, can be seen to consist each of a back- 
wardly directed flap of the lining membrane of the mouth, 
lying behind the teeth borne by the jaws, and so arranged 
that the water, in attempting to flow out whence it came, 
must of necessity force them in front of it, until meeting 
they stop its passage. If the gill cover be raised, there 
will be seen four complete gills, each supported on a bony 
base called the gill arch, while behind the last one there can 
be felt a small but similar arch, which bears no gill ; like the 
rest, however, it has on its upper edge a series of horny 
filaments, the so-called gill-rakers, which are beset with 
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minute teeth. Closely applied to the inner side of the gill- 
cover is a small gill-like structure ; this is, as it appears to 
be, a reduced gill, known as the opercular gill or pseudo- 
branchia. That which is called the " belly " of the fish, is 
in reality a large cavity — the body cavity — which, as can 
be readily seen, lodges all the visceral organs ; its walls are 
made up of flesh, which is continued into the great muscles 
of the tail. Conspicuous among these internal organs 
is the large swim-bladder or air-bladder as it is at times 
called ; it lies along the back, just under the spine, and is 
that which we familiarly call the " silvery streak " of the 
Herring. Immediately below this lies the alimentary canal, 
with its related structures ; chief among these are the 
yellowish, liver, with its bile-duct and gall-bladder, and 
certain finger-like organs, known as the pyloric appendages. 
It can easily be seen that this alimentary canal is a tube 
having thick muscular walls, and lined by a soft moist 
mucous membrane ; at the point where these said processes 
are attached, there is a sudden change in its characters ; the 
walls, which become thicker as you pass from the mouth, 
suddenly get thinner, and so a constriction or valve is 
formed ; the portion between the mouth and this valve con- 
stitutes the oesophagus and stomach, and all between this 
and the vent is the proper intestine, which, it will be seen, 
does not pass straight out of the body at once, but is bent up 
before doing so. Attached to the hinder end of the stomach is 
the dark red spleen, and if on eviscerating a fish such as this 
a little care is taken to slit up the intestine, no difficulty 
will be found in ascertaining the nature of its contents. In 
the stomach we find more or less undigested food, perhaps 
but recently swallowed — some small worms it may be in 
this case, or what not ; in the bent part of the intestine will 
most certainly be seen a whitish, pulpy looking mass, which, 
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as we follow it back, becomes greenish and gets darker as 
the vent is approached, and in all probability will contain 
certain small pieces of solid matter, such as chips of twigs, 
small stones, or other similar structures. The alimentary 
canal then is but a long bent tube running through the 
body, beginning in the mouth and ending in the vent. 
If its contents are washed out, there can be seen in the 
Trout, in rather more than the last half of the straight 
portion, a series of circular folds, which project into its 
interior ; they vary somewhat in shape, and really corre- 
spond in position to certain blood vessels in the intestinal 
wall. Such an arrangement as this is called an intestinal 
valve. If the swim-bladder is opened, its thin walls can 
be seen to enclose a large undivided cavity, filled with 
air, and in its front end is a large aperture, which opens 
by a short duct into the gullet. Suspended below this 
air sac are two whitish-yellow organs, which vary in size 
with the season of the year, being, in the Trout, largest about 
autumn ; one is often larger than the other, and when ripe 
they constitute the roe; the "hard roe," consisting "of a 
number of small " grains " as fishermen term them, is really 
the female reproductive organ, each grain being a small 
egg, and the " soft roe " is the male organ of generation. 

Close under the spine, and running along the whole 
length of the body, are two dark-brownish organs — ^the 
kidneys ; they are placed side by side, and lying along 
the face of each is a transparent tube — ^the kidney-duct or 
ureter ; these two ducts unite and open behind the vent by 
a pore. In the female, immediately in front of and on 
either side of the vent is a small slit, which, as it places the 
body cavity in communication with the exterior, is called 
the abdominal pore ; when ripe the roe is passed out or 
shed through its agency. 
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It must be noticed that when we remove the flesh, unless 
the animal has been first boiled, some force is needed to 
pull it away from the backbone ; here lies the root of a 
most important matter, for while it is obvious that the bony- 
skeleton protects certain important organs, it at the same time 
forms a support for the body, and also offers a surface of 
attachment for the flesh or muscles, by which the ordinary 
movements of the animal are maintained 

Ample opportunity is afforded us in almost every day of 
our lives, of observing that this backbone consists of a 
number of similar bodies which get smaller as the tail is 
reached, and that each of them is a bony nodule from which 
go off certain processes to either enclose or support 
important structures. The ends of each disc are excavated, 
so that between any two there is in life a space which 
encloses a gelatinous mass ; as each of these bodies is called 
a vertebra, the whole series form what we know as the 
vertebral column. 

As regards the head, the eyes have already been noted, 
and the nostril will be found to lead into a small sac — this 
is the organ of smell or olfactory organ. Our fish then can 
smell, and it is as certain that it can see, but at first sight 
we are at a loss to account for its marvellous powers of 
hearing. There can be felt through the skin close behind 
the eye a hard bony case, and if this is sliced, some- 
thing is sure to be seen of a delicate but complex organ, 
enclosed within it ; this is the auditory organ, and the 
well-known "ear stones," to which such wonders have 
been accredited medicinally, are contained within it. There 
are no visible " ears," such as those which characterize but 
so rarely adorn ourselves ; but they only form part of the 
apparatus, and the truth is, that the fish has infinitely larger 
ears hidden inside its head than even we possess^ but it has 
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no trumpet- like arrangement with which to convey the 
sound directly to them like ourselves. How far this is true 
of all fishes we shall see in the sequel. 

Inside the head a white pulpy mass can be found. It is 
small, and lies just behind the eyes and between the ears ; 
it is that seat of cunning and deception called the brain ; a 
complex structure it is true, and suffice it to say, that it 
does not fill the whole cavity in which it is lodged, and 
that if traced back it can be seen to be continued into a 
long white cord — the spinal marrow — or spinal cord, which 
runs along the back to the tail, and is protected as we have 
seen by the bones of the spine. Going off from some part 
of it can be seen certain delicate white cords or nerves, 
which are connected with all the organs of the body, and 
no difficulty can be found in making out at least the large 
one which enters the eye from behind. We thus see that 
the head bears the brain and organs of the higher senses 
which are closely connected with it, and it may be noted 
that these have the same relations in the lowly fish as in 
the lordly man. 

Summing up all this, we find that the body is made up of 
so many sets of organs, or systems as we call them ; there 
are the skeletal, the muscular, the alimentary, the nervous, 
and so on, each of which has its own special function. If, 
however, any organ so far described, or any part of the 
body is examined, it will be seen to be more or less com- 
pletely permeated by blood vessels, as the red colour of 
the sanguinary fluid shows ; and in the living fish this can 
be most admirably seen in the gills, and at the bases of 
some of the fins. Immediately in front of the liver, and 
beneath the gills, there lies the heart, and all the various 
blood vessels are directly connected with each other and 
with it This ^* wellspring of life " is for ever pumping on 
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the vital fluid, which in its course passes from it through the 
gills, thence to every comer of the system, and back again 
to its portals. Sometimes palpitating, sometimes fluctuat- 
ing, but never ceasing, this active organ sets us a noble 
example, with, at a low estimate, two and a half thousand- 
million^ of pulsations during the life of a man of three 
score years and ten ; performing work each day exceeding 
that required to raise 120 tons to a height of one foot. 

Dismissing now the structure of the fish, let us consider 
the mutual relationships of the various systems detailed 
above. We all know that both a fish and a man must eat 
to live, although it often happens that one or other of them 
may reverse the process ; we know that if starved we must 
perish, and so it is quite clear that this feeding propensity 
lies at the very root of the matter. Any one who has 
watched the natural movements of a fish or other animal, 
must be aware that throughout life a deal of waste matter 
is passed out of the body in one form or other, and it must 
have occurred to such an one, that it is to make good this 
waste that we eat 

It is characteristic of all living things, animal or veget- 
able, no matter of what they are composed — and this is 
often of much that is distasteful — that they consist in the 
main of carbon, hydrogen, oxygen, and nitrogen, which by 
their union form what are called proteinaceous substances. 
If, then, this process of waste is constantly going on, it 
must of necessity be the result of a breaking up of these, 
just as certainly as the loss of substance in ordinary wear 
and tear is due to a breaking up of that which is concerned. 
In the case of living things, in order to make this good, 
recourse must be had to the four constituents afore- 
mentioned, and it is one of the misfortunes of the life of an 
animal, that whereas the plant can manufacture its protein 
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out of the soil, the animal, having no power of doing this, 
must get it ready made ; and to this end it is that all that 
it eats was originally part of some other living thing. 

Allusion has already been made to the contents of the 
alimentary canal of the Trout ; but upon reflection, it is 
quite clear that in addition to the purely nutritive material, 
there must be taken into the system, by so voracious an 
animal, much that is not wanted; for instance, although 
the fish requires certain fatty and mineral substances in 
addition to the purely nutritive ones, it, on eating say a 
minnow, neither wants nor retains all its bones and hard 
parts, any more than would a man. Once in the system 
these must be got rid of, and while no man ever dreams 
of swallowing fish-bones or tea-leaves, it may not 
perhaps have occurred to many of us, that in discarding 
these and similar objects, we are doing by instinct, just 
that which nature is constantly doing for us unconsciously. 
As swallowed, the food-material is insoluble, and before it 
can be taken up into the system it must be broken up and 
rendered fit for use. The walls of the stomach have buried 
up in them certain glands, by the agency of which, together 
with that of the pancreas, when present, and the liver, this 
is effected, and a digestive process goes on. That milky- 
looking emulsion, found in the first part of the intestine of 
the Trout or any other animal, is food material thus acted 
upon, and as the intestinal walls contract it is forced 
through them much as you can squeeze mercury through 
a wash-leather. It is then taken up by the blood as 
it flows on, and is thus conveyed to the parts of the 
body as so much nutritive material; it is now as fully 
part of the animal as is its blood, and an assimila- 
tive stage is reached. The innutritions portions, not being 
taken up, because not dissolved, are now passed on, and 
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together constitute the solid excreta, the characteristic 
colour of which is due to the admixture of the colouring 
matter of the bile. An excretive function is thus estab- 
lished ; but it is only one form of such, for in its course 
through the body, the blood is for ever giving up the afore- 
said nutritive material, and receiving in exchange waste 
products — products of decomposition — which are again 
drawn off from it, and finally cast out of the body as 
useless ; their retention would in fact prove fatal. The 
kidneys are the leading organs which perform this duty, 
while that form of excretion going on in the gills is known 
as respiration or breathing. 

As distinguished from these excretory processes, those 
going on in the liver and other glands, where the bile or a 
similar fluid is formed to be again used in the system, are 
known as secretions. These functions are all absolutely 
essential to the welfare of the individual ; stoppage of them 
would cause death, and they are therefore said to be vital ; 
there are certain others however, hardly less important, 
chief among which is that of motion ; and if the living 
animal be watched, it will be seen that it also has the 
power of altering its course, and of doing numerous other 
things, which we cannot ascribe to any but an intelligent or 
at least a highly sensitive power — a power of control over 
its actions, in which even the highest animals are at times 
deficient. 

One essential remains. The Trout, at all times timid and 
retiring, frequently rests by day under shelter of some 
shady spot, and its activity increases towards night ; 
towards autumn, however, it seeks its fellows, activity is 
generally very great, and the conjoined efforts of the two 
sexes come into play for the furtherance of the species ; the 
roe is shed, and a reproductive phase is reached. The 
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creatures now live on, again to repeat these several 
processes, or, their course being ended, they pass away in 
what we call death. Looked at thus, the whole organism 
is but a machine, in which, from a material point of view, a 
constantly recurring cycle of changes is for ever going on, 
assimilation and waste perpetually at work. A balance in 
favour of assimilatioir results in the accumulation of 
nutritive material, and growth follows ; while a balance in 
favour of waste leads on to failure on the part of one or 
more organs^ and the body, no longer capable of concerted 
action, diesw This " natural death " or wasting is, however, 
not to be confounded with that which is the more common 
cause of death — destruction — ^which is really artificial, and 
due to the presence of a foreign element having no 
existence in the healthy system.* 

We are now in a position to form a clear notion as to 
what a fish is> and of its relations to its surroundings. 
That which is true of it is equally true of all living beings> 
from man himself down to the smallest organism which our 
microscopes can reveaL Life is the sum of these several 
activities^ and the reason for introducing any mention of 
them here is simply and solely because it is for the 
products of certain of them that we capture our fish.t 
For the maintenance of this " life," and the gratification of 
its manifold desires, our complicated trading systems exist 

Leaving now this physiological line of thought, it will be 
noted that our Trout is one of 9^000 or 10,000 species of 
animals, each of which agrees with its fellows in having a 
bony vertebral column, a bony gill cover, and in certain 
characteristic features of the bony skull, the gills, and other 

* No better case can be here cited than that of the Salmon-disease, 
t Certain special functions and their significance, will be dealt with 
in due course. 
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organs. For these reasons they are all classed together, 
and called the Teleostei^ or bony-fishes. As we proceed 
further, we find that of these some 3,000 have an air-bladder 
which opens into the alimentary canal, and we there- 
fore group them together and call them the Physostomi, 
Certain of these again exhibit characters in common ; they 
differ very much in size, colour, and habit ; some ascend 
the rivers merely to spawn, others live in deep water, while 
others never leave the river or lake in which they abound. 
Their internal anatomy differs somewhat, and while they 
agree on most points, there is a great diversity on others, as, 
for example, the^number and size of the pyloric appendages. 
Still, they all have scaleless heads, the small second dorsal 
fin, and other characters in common ; and while they are 
not the only fishes in existence which show one or other of 
these, it is still very convenient to associate them under one 
order, which, with the Salmon as its head or type, we call 
the Salmonoidei ; it includes the allies of that animal, all 
the Trouts, the Truffs, Blue Polls, Chars, Polans, the Smelt, 
Grayling, and others. It will be observed that this result 
is the outcome of the comparison of a series of forms ; 
certain features predominate, and we therefore speak of 
them as characteristic of the group ; but as, in comparing 
any two forms, differences are to be found, our standard, 
although convenient, is artificial Still, in accordance as 
any form differs from it, it is said to be modified ; if, as in 
the case of the grey and the common Trout, the difference is 
slight, the one or other is said to be slightly modified ; but 
if great, we say that it is highly modified This branch of 
science is known as Morphology^ and it is the expression of 
likeness and unlikeness ; as will be seen, its teachings are in 
some respects purely tentative, and liable to be replaced as 
knowledge advances. They are none the less useful for 
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working purposes however, and we will now apply them to 
certain characteristic forms of food fishes. 

By such methods we create our species, genera, and so op, 
study of each of which shows to us evidence of an ever-present 
tendency to change, an ever-constant wrestling for power or 
precedence in the struggle for existence. Inability to cope 
with adversity leads on to extermination ; competency to 
do so results in survival, under changed circumstances — 
" the survival of the fittest." 

The Physostomi include such valuable food fishes as the 
Herrings, Carps, Eels, the Pike, and their allies ; whatever 
variations may exist among them, they all have in common 
the open air-bladder, and excepting instances where the first 
dorsal or pectoral fins may be spinous, all the fin rays are 
soft and branching like those of the Trout already referred to. 

Taking first the Herring tribe or Clupeidce^ which in- 
cludes the Pilchards, Sardines, Sprats, Shad, Anchovies, 
Whitebait and others, we have to deal with shore-loving 
gregarious forms, whose bodies are covered with large 
scales, which on examination are seen to be smooth-edged, 
or cycloid as they are called, as distinguished from those 
which, having comb-like edges, are called ctenoid ; the head 
in these animals is scaleless or naked, and along the ventral 
side of the body the scales often assume the form of 
serrated bony plates. Unlike the members of the Salmon 
tribe they have but one dorsal fin, and as in them, the pelvic 
or ventral fins which He vertically below this are said to 
be abdominal, while the pectoral fins are in their normal 
position. The notched tail is very short, the vent and 
single anal fin being placed far back. The eyes are large, 
and guarded by two folds of skin, as in the Salmons ; these 
are not true eyelids in the sense of those of the higher 
animals, although like them they are protective organs. So 

C 
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far as external characters go, therefore, they differ from the 
Salmons mainly in the absence of the second dorsal fin. 
When the mouth is examined, a marked difference is seen, 
for its supporting bones are highly movable, and united 
together by a flexible integument, so arranged that on 
opening the mouth there is formed a sort of funnel. Their 
food consists of minute animals and small fish, and, like 
nearly all fishes, they swallow their prey whole ; their teeth 
are reduced to a minimum, being either very small, or, as in 
the Shad and Anchovy, practically absent. The animal 
swallows its prey in great quantities, swimming on to it so to 
speak open-mouthed ; as of necessity it must take in much 
that is not wanted, the gill-rakers are enormously enlarged 
and form a straining apparatus, through which, on closure 
of the mouth, the water and any useless material are drained 
off. All have pylorib appendages and gill-structures like 
the Salmons ; the air-bladder, however, is strangely modified, 
for it opens behind the vent externally, and its duct com- 
municates, not with the gullet as in the Trout, but with the 
stomach ; no great skill is needed to see that this " silver 
streak " runs up into the head, and it there gets in among 
the bones of the skull, abutting against the parts of the ear 
in a very curious fashion. 

Turning now to the Carp tribe or CyprinoidSy among which 
are found the Roach, Dace, Bream, Minnow, Rudd, and their 
allies, we come to a group of highly modified freshwater 
fishes. Externally they are much like the herrings, except 
that the body is generally more oval in shape. In the 
well-known Gold-fish and some others the dorsal fin is 
elongated, generally, however, the ventral fins lie just 
beneath its anterior end. Very often, that region of 
the body in front of these is shortened in proportion 
as the body is rounded. In some of the Breams, the 
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body-cavity and vent are carried forwards, and with 
them the ventral fins, so that the anal fin, lengthened 
in proportion, comes to lie beneath the dorsal. Most 
of them have toothless jaws, and, with the exception of 
certain African Loaches, a large horny tooth at the 
back of the throat. Here are fishes wholly or mainly vege- 
table feeders, they have no jaw teeth, but as a crushing 
power is of service to them, the last pair of gill-arches — ^which 
do not, however, bear gills themselves — send in teeth, to meet 
which the skull sends down a ledge of bone into the roof of 
the mouth, which bears the large homy mass alluded to 
above. They have no pyloric appendages, but upon opening 
a Carp or Roach, one cannot fail to be struck with the large 
air-bladder ; it is subdivided into two chambers, the front 
one of which communicates with the alimentary canal by 
a long duct, and also with the ear, not, however, by 
sending up a process into the skull as in the Herring, but 
through the agency of certain small bones which become 
so modified as to form, between it and the ear, a chain of 
buffers, 

. The air-sac in most fishes is hydrostatic in function, that 
is, the animal has it in its power, either by the control of 
certain muscles or otherwise, to partially fill or empty it of 
the contained air or gas ; it thereby acts as a float or a 
balloon, altering the fish's specific gravity. It is no un- 
common thing for this organ to rupture and burst, when, on 
being taken from the water, the animal is relieved from 
pressure. Although this hydrostatic function is that of the 
air-bladder originally, it is not its only one. Its tension 
in the Carps is most striking ; so fully distended is it that it 
will answer visibly to the touch of a hair, and as it is in 
close contact with the body wall and viscera, it is but fair 
to assume that it also serves to convey to the ear, by 

C 5 
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means of the structures just described, impulses originating 
in the motion of bodies in the water; the Carps and 
their allies all live in ponds, lakes, or shallow rivers, and 
the air-bladder, not needed for hydrostatic purposes, is here 
put to a new use. This change is correlated with life in 
shallow water, as the only other fishes which show it are 
either freshwater forms, or if they enter the sea are merely 
"coasters." One of such is the gigantic Sheat-Fish, a 
Siluroid which abounds in the Danube. Many fishes 
produce an audible sound on removal from and often in the 
water, and certain of these Siluroids have been called the 
" Fiddler Fishes " from the characters of the sound they 
produce ; while many forms, either by the flapping of the 
gill cover, by the sudden expulsion of air from the air- 
bladder, or by certain other methods, produce these and 
similar sounds. It is only among the Siluroids that we find 
a special apparatus set apart for this purpose, and it may be 
that the accessory auditory apparatus is specially adapted 
in connection therewith. 

The fact that in some of them the body wall thins where 
the air-bladder comes in contact with it, favours the suppQ- 
sition that it is related to the ear, as is the drum of that 
organ in the higher animals. 

Any such apparatus would be advantageous, if only it 
could detect the presence of the voracious Pike. The 
characters of this freshwater demon are familiar to most 
people, and however man might regret it, its disappearance 
would be hailed by many valued fluviatile fishes. It is 
represented by the genus Esox alone, the massive well- 
set frame of which needs no comment here ; we find the 
second dorsal fin again present, but this time in the absence 
of a first, while its long body bears the familiar abdominal 
ventral fins. In the head there are seen great changes ; 
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the capacity of its mouth is well known, the nostril, 
instead of being at the extreme end of the snout, is 
placed a little in front of the eye, and it is clear, there- 
fore, that the "running to jaw" which it exhibits is due, 
as in many other fishes, to an elongation of the pre-nasal 
portion of the head. Teeth of the most formidable kind 
are here everywhere present ; jaws, tongue, gill-arches, 
and every available support, are alike pressed into the 
service ; the terrible weapons have hinged and movable 
bases of attachment, and are so arranged that while they 
favour the entry of its prey, any attempt at escape is 
impossible, for they then fly up like so many harpoon blades, 
and hold ' it the firmer. Although certain of its teeth 
are fixed, this voracious animal* in strictness hooks itself 
on to its prey, as indeed do many fishes ; and considering 
this, the fact that it is at times choked in the attempt to 
devour a fish bigger than itself, or. an animal beyond the 
capacity of its jaws, is easily explained, as is also the 
total absence of gill-rakers.* In that the pyloric appen- 
dages may be present or absent in species of a genus, 
their absence in the Pike is not surprising. 

The only remaining Physostomous fishes which can be 
noted here are the Eels. Fishes with elongated Eel-like 
bodies occur in most of the great groups, but the Eels 
properly so called are the Murcenoids of Zoology. The 
long-bodied, scaleless Conger, and its small scale-clad fresh- 
water ally are familiar to all ; but it may be noted that in 

* Two specimens showing this will be found in the Western 
Galleries. The fishes were killed in attempting to swallow a duck and 
an eel respectively, and it will be seen that in the latter case the eel, 
by virtue of its shapej^ would most probably have escaped, had not 
the pike, in its greed, closed its jaws and thus brought its fixed teeth 
into play. 
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the latter the small scales are completely buried up in the 
thick skin. The vent is placed well back, the tail exceed- 
ing the body in length by but a little, the pectoral fins are 
small, while the ventral ones are wholly absent The post- 
ocular region of the head is here elongated, and there is a 
large mouth, which in some Eels of the Tropical seas is 
carried back for an immense distance ; teeth are present, and 
the upper jaw bones are partly united to the skull. The 
fins and gill cover are alike soft, and their supporting bones, 
though present, are reduced to a minimum. The gills are 
normal, and the gill covers unite with the body walls, 
so as to leave a small passage on either side, immediately 
in front of the pectoral fin. In some Eels this is carried 
further, and the two pores run together and form a single 
aperture on the under side of the head ; and probably 
these and other modifications have to do with their sus- 
taining powers on land. They are of a restless, wandering 
disposition ; that which best characterizes them, however, 
is the continuity between the anal, caudal, and dorsal fins. 

This same condition is seen in the young of other forms, 
the separate dorsal and anal fins being, in the adults, derived 
as the result of a breaking up of the at-first, continuous 
fin. The Eel never breaks it up at all, and is in this respect 
a big baby, for which reason it is said to retain an early or 
embryonic condition. The retention of infantile characters, 
however, is no new thing in even the study of mankind. If 
carefully watched, there will be seen near the end of the 
tail a pulsating area — the so-called caudal heart ; it is 
really an enlarged portion of the great lymphatic vessel of 
that region, which, owing to its size, gives rise to a visible 
pulse. The backbone of the eels usually consists of 
between 200 and 300 vertebrae, and stands at one extreme 
of the Teleostean series, at the opposite end of which are the 
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Coffer fishes, which never have more than 1 5 ; the Eels, 
however, are surpassed by some of the lower fishes in this 
respect. They have no pyloric appendages, and an 
abdominal pore is present Perhaps into no subject affect- 
ing the fish-interests has more error ever crept than into 
• the " Eel-question." The ancients, even Aristotle and Pliny 
were literally " at sea " here ; spontaneous generation and 
hermaphroditism have alike been resorted to, in order to 
explain away the apparent anomalies concerning the pro- 
pagation of this group ; even to-day, the popular notion 
that they are mud-begotten finds favour. Early in the 17th 
century,, an Italian physician, examining only the larger 
specimens from brackish water, first found the female roe ; 
and although it was as well known then as now, that the old 
Eels went down to the sea while only young fry returned, 
neither he nor anyone had up to that time examined the 
smaller individuals, believing them to be young ones. But 
upon doing so some nine years ago, an Austrian naturalist 
succeeded in finding in them the corresponding male organ, 
like that of the female, necessarily immature at the time of 
observation. After strange oscillations between fact and 
fiction, the question stands thus : the ripening fish leave for 
the sea in the autumn, and after an absence of five or six 
weeks they spawn — in some cases on known mud banks ; in 
the spring the young ones begin to come up the rivers, with 
an experience of some eight or ten weeks of marine life, to 
enter upon a fluviatile existence. The parents, however, do 
not appear, and the only supposition is that, like the Lam- 
preys, they spawn and then die. First among the difficulties 
of actually demonstrating the ripened male organ, is that of 
capturing an Eel in the deep and open sea. 

Compared with what is seen in the Salmons, this migra- 
tion of the Eels is instructive. Among the former, we have 
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animals, living in the sea, but finding it favourable to the 
welfare of the race to ascend the rivers to spawn ; this they 
do in a variable degree, but the Smelt, which usually 
ascends to freshwater from August to April or May> has 
been kept captive and healthy for years in inland ponds. 
The Eels present a case the exact reverse of this ; having • 
already accustomed themselves to life in fresh water, ther 
find it profitable, not to say absolutely necessary, to return 
to the sea to spawn. 

Leaving now the bony fishes with an open air-bladder 
we come to the consideration of those in which, unless 
altogether absent, its connection with the alimentary canal 
is lost. These forms are known as the PhysoclistL Bear- 
ing in mind the fact that the connection did at one time exist, 
the distinction looses all value except as regards the adult 
fish ; it is, however, an exceedingly convenient one. These 
fishes fall under two great groups, sharply marked off from 
each other by the characters of their fins, which, within 
certain limits, are either soft or spinous. 

Foremost among the soft-finned group or the Anacan- 
ihiniy comes the Cod tribe or Gadidce^ which includes the 
Cod, Whiting, Haddock, Pollack, Coal fish. Hake, Ling, and 
their allies. The Ling is somewhat Eel-like in shape, while 
the Eel pout or Burbot, the only freshwater representative 
of the family, resembles the Eels in its habits. The true 
Cods are essentially northern forms, occurring at variable 
and sometimes at great depths ; they approach our shores 
during the winter to spawn, when they fall an easy prey, 
and are captured in immense numbers ; while throughout 
the whole year, they, in common with the smaller members 
of the family, are fished for on account of their great 
culinary value. They all have a heavy scale-clad 
body, with a large head, immovably fixed to the spinal 
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column. Their fins, when compared with the Eel's or with 
those of the embryo, are exceedingly instructive. The 
dorsal fin is generally broken up into two or even three 
parts, and the anal fin into two ; but even where this is the 
case, the intervals between them, if present, are very slight, 
while the caudal fin, rarely notched, is generally rounded 
posteriorly. In some, the dorsal and anal fins are each 
represented by a single long fin, while in others there is 
practically present the continuous fin of the Eel. The tail 
is enormous and very powerful, and the body-cavity is 
proportionally small, the vent being carried very far for- 
wards ; generally it — as in most Teleostei — and the anal fin 
lie vertically below the second dorsal fin ; rarely, however, it 
may be somewhat farther back, or, as in the Whitings, still 
farther forward. The pelvic fins are carried forwards with 
the shortened body-cavity, and, as they appear to lie in 
front of the pectorals, are said to be jugular. Nature, how- 
ever, knows no such inversion as this, and on examination 
we find that the pelvic girdle is so small, that it comes to 
be lodged completely under cover of the immense shoulder- 
girdle, but still as surely behind it as in even our own case. 
With one exception, the fins of all the Anacanthini are 
supported by soft rays ; horny in texture, they fray out in 
a fan-shaped arrangement, each branch of which consists of 
a series of transversely-jointed filaments, each tapering off to 
a point. Very variable is the barb, present for example in 
the Cods and absent in the Whitings ; teeth are well 
developed, and there is a very large tongue present, which, 
like that of all fishes, is not gustatory in function. The 
customary four pairs of gills are present, while, as in many 
other Teleostei, the pseudo-branchia, instead of being gill- 
like, forms a rounded so called " glandular " mass. Pyloric 
appendages are always present, and in the Whiting there 
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are one hundred] and twenty of these, opening by but four 
apertures, and not singly as in the Trout. The air- 
bladder is, in the deep sea fornas especially, marvellously 
strong and thick-walled ; on either* side it sends off a pro- 
cess, which is coiled up alongside the skull but does not 
run into it as in the Herring ; in its interior there is present 
a large so-called gland, in reality a vascular network, 
through the agency of which a gaseous interchange 
goes on. The results of analyses of these gases are very 
remarkable, and their meaning is at present little under- 
stood. A large liver arid a coiled intestine are present, 
while the roe, as in very many other forms, consists of two 
sac-like masses, which, uniting, form a duct which opens 
behind the vent by a small pore, and behind this again the 
kidney duct opens. There are no abdominal pores, such 
as are found in the Salmons and Eels. 

Next in order comes the extraordinary group of Flat 
Fishes, the side swimmers or Pleuronectidce, as they are 
named. Among them there exist such important food 
adjuncts as the Soles, Dabs, Brill, Flounders, Turbots, Plaice, 
and their allies. The indigenous British forms are all highly 
modified, and among those which at times reach our coasts, 
the large Halibut* approaches most nearly the typical fish 
type. Rarely scaleless, no member of this family lives at 
a great depth, and some are said to adapt themselves 
readily to fluviatile existence. They are all carnivorous, 
and live at the bottom, where they " flop " along in a highly 
characteristic fashion ; the tail moves horizontally, but still 
in the same plane as in other fishes, as regards the body. 
Obviously we have to deal with a highly-modified family, 
living on the sand, where they lie and so to speak suck in 
small forms of life ; unable to carry the flattened body in a 

* Good specimens of this can be seen in the Canadian section. 
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vertical position, they dispense with the air-bladder, and 
thereby increase their specific gravity, and to this same 
end all the cavities are reduced to a minimum, the vent 
being carried as far forwards as it can get ; the tail thereby 
becoming greatly enlarged, gives the animal as much 
solidity as is possible. Everyone knows that these creatures 
have their two eyes upturned, so that the body comes to 
lie on what is called its blind side ; this, in common with 
the proper under or ventral side of most animals, is usually 
white, while the upper or exposed side is coloured. The real 
meaning of animal colouration is, at present, unsolved ; it has 
been ascribed as due to surface energy and other causes, but 
whatever* may be its origin, it certainly is protective 
in function^ The variable colours of these Flat Fishes, like 
those of many other animals, either slow of movement or 
accustomed to periods of inactivity, are but so many dis- 
guises, under which they assume the characters of their 
surroundings ; and while this may alter with changing cir- 
cumstances, some of them go further, and develop certain 
tubercles on their bodies, which take on appearances of 
surrounding objects. Known as' " protective mimicry," this 
arrangement obviously ensures the safety of the individual, 
if only by throwing any predaceous passer-by off the scent ; 
it is to this same end that the Oar-fish, the Fishing Frog, the 
Sea-Blennies, and a host of other forms, have their bodies 
frayed, coloured, or ornamented. 

In all, the ventral fins are jugular, and very often 
laterally compressed, so as to appear like a portion of the 
large anal fin ; the pectoral fins are normal, in the Soles 
becoming very small, and in the variegated Sole that of 
the blind side, no longer of use, practically disappears. 
Teeth, in some wanting, may occur on both sides of a nearly 
symmetrical mouth, as in the Turbots, or on one side only 
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of a more distorted mouth, as in the Plaice, and when 
present they are either very small or reduced to mere 
crushing organs ; in both cases the nasal organs partici- 
pate in the want of symmetry. The dorsal and anal fins 
form each an undivided tract, and the limb-girdles are 
approximated, and so arranged as to facilitate ease of 
motion of the great tail. Strange as are the modifications 
here set forth, the young fry have all the characters of 
ordinary fishes ; they are free swimmers with symmetrical 
bodies, white beneath and coloured above and at the 
sides ; as they become flattened, however, the eye of the 
blind side is carried round, distortion of the skull and other 
attendant changes take place, the pigment becomes re- 
stricted to one side only, and the adult and often com- 
pletely discoidal condition is reached. These changes may 
affect either the right or the left side in different forms, as 
can be seen on comparing a Flounder and a Turbot ; they 
occur before the dorsal fin has grown over the head, so that 
the eye is merely rotated on its axis. In one solitary case, 
however, the fin grows first, and the eye, loath to vanish 
altogether, forces its way through the head, thus realizing 
the apparent anomaly seen in the adult. Even the visceral 
organs do not escape distortion. If a Turbot, a Plaice, and 
a Sole, be examined in order, it will be found that in 
proportion as the body cavity is decreased in size — the vent 
being carried forwards — it sends into the tail a paired 
backwardly-directed process ; the viscera which grow into 
these pouches completely fill them, and so space is 
economised. In the Plaice, the roe alone grows into these, 
and they are short ; but in the Sole, where they extend back 
for two thirds the length of the body, that of the right side 
carries the intestines, that of the left a portion of the kidney, 
while both lodge the roe in addition. It is worthy of note 
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that other heavy-tailed fishes, for example the Weaver, 
may do this, but less conspicuously. 

The second great group of Physoclistous fishes con- 
stitutes a collection of some 4000, mostly marine forms, 
which vary enormously as to external features. Some are 
scaleless, in others the head and even the fins are scale-clad, 
and very often skin, scales, or fins, may be highly modified. 
In most the ventral fins are placed well forward, and in one 
or more of the fins the bony rays are produced into great 
spines, and no one who has watched the defence of its nest 
by a Stickleback, will need to be reminded that these are 
offensive as well as defensive in function. These fishes are • 
therefore called the spined-fins or A cant/top terygiuy and such 
indispensable food-forms as the Mackerels, Mullets, Perches, 
Gurnards, and their allies, arc those which appeal to all fish 
eaters ; while the Wrasses, Blennies, and Sticklebacks, find 
a host of admirers everywhere. 

First then in importance come the Mackerels, or Scorn- 
beroidei^ and their allies, usually of small size, though in the 
case of the hot-blooded Tunny * they may reach a length 
of ten feet 

The Mackerels are gregarious, restless surface-swimmers ; 
their long bodies covered with small scales are everywhere 
familiar ; the tail is so deeply notched that its two halves 
are capable of independent motion, and all the fins are so 
articulated as to give ease of motion, the whole body being 
framed for rapidity of progression. The two eyelids found 
among fishes are here well marked, and the naked head is 
produced into an obvious pre-nasal growth. The fins are 
very curious ; the pelvic members lie far forwards under the 
pectorals, and their position here shows that they are not 
necessarily associated with that of the vent, which is ver>' 

* A good example of this fish will be found in the Canadian section. 
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far back. The dorsal fins are very instructive ; the anterior 
one is placed far forwards ; between it and the second there 
is a break, and here again the second dorsal is over the first 
anal fin, while behind these there occur, both above and 
below, a series of five so-called " false fins " or " finlets." In 
the Stickleback, on the contrary, these finlets are in front of 
instead of behind the second dorsal fin ; and since in the 
Tunny the first dorsal is prolonged back to meet the second, 
the finlets occurring behind the latter, it is clear that all 
these and the caudal fin severally answer to the continuous 
fin of the Eels and of the embryo. This condition is realised 
in the viviparous Blenny of Scotland, and while among these 
Blennies, Perch, and Bass, we find approximations towards 
the Anacanth Type, we find -in some Perch, Bream, Bass and 
others, that the dorsal fin remains uncleft. Among the 
Ruffs it is spinous for nearly its whole length. We thus see 
that among this group of fishes, there occur all grades of 
modification, both as to structure and continuity of the 
median fins. In the Sticklebacks, moreover, the ventral fins 
are reduced to the well-known " belly spine," while among 
them, as in the prolific Scad and others, certain of the body 
scales may also become spinous. If the Mackerel's mouth 
be examined, small teeth will be found, and those of the gill- 
arches lock back like the Pike's teeth ; as in the Soles and 
certain other fishes, we here meet with the strange phenomenon 
of a coloured mouth cavity ; shining and iridescent, a snare 
that may entice the Herring fry and other small fishes upon 
which they feed literally into the jaws of death. A very 
efficient straining apparatus exists, in the presence of a 
double series of rakers along the outermost gill-arch. The 
air-bladder, usually present, is in some of the tribe absent ; 
and the energy exhausted in giving the immense rapidity 
to their movements is accompanied, as in all similar cases. 
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by a rapid oxidation and consequent increase in body- 
temperature. 

Certainly no less valued as food fishes are the Mullets. 
The Red and Grey Mullets of commerce are in no way re- 
lated ; and, taking first the Red or Sur Mullet — prized alike in 
their time by both Roman and Briton — ^this little fish, covered 
in its large, thin scales, is familiar for its two barbules and its 
rich colour, which, as fishers well know, intensifies with death. 
The mechanism by which this phenomenon is brought about 
is much like that giving rise to the " blush " of the Cuttle- 
fish ; there are present (in this and certain other fishes), 
within the skin, small sacs filled with pigment, which under 
certain stimuli are brought into play ; each sac is caused to 
expand, and the diffusion of the contained colouring matter 
gives rise to the characteristic tint. As to the barbules, 
inasmuch as when not in use or when the animal is threatened 
with danger they can be completely tucked away under the 
jaw apparatus, they are obviously of great importance to 
the animaPs well being ; these and similar structures are 
very variable, both in number and relation, among fishes, 
but from the above-named and other considerations they 
would appear to be sensory in function. 

The Grey Mullets inhabit brackish water, and, unlike the 
Red Mullet, the head is scale-clad, the ventral fins are lodged 
well back, and, as rarely happens among bony fishes, the 
lateral line is absent These Grey Mullets and others play 
among fishes the part of " the man with the muck rake : " 
active enough except when feeding, they at such times 
**gulp" in the mud on which they rest, hoping for the: 
best. For this purpose there stretches between the bones 
of the upper jaw a flexible membrane, and the mouth is 
produced into a protrusible apparatus. The pre-nasal region 
of the head is excavated in order to receive this when at 
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rest. Teeth are excessively small or absent, but those 
portions of the gill-arches which lie in the roof of the mouth 
are so modified as to form a straining apparatus, and the 
animal, taking in mud and all, by its agency sorts the " tares 
from the wheat," the latter being retained and the former 
ejected, but not until a final straining off has taken place 
through the very efficient gill-raker apparatus. In addition 
to the multitude of small organisms living at the bottom, 
the ever-recurring deaths at the surface bring about a 
constant subsidence of decomposing organic matter ; and 
while such a fish as the Mullet does not, therefore, get a bad 
meal in the end, this process of decay is a factor in the 
food of fishes the importance of which is much under- 
estimated. The alimentary canal of the Grey Mullet is 
modified accordingly, and as a deal of vegetable matter 
must be consumed, we find, as is often the case among 
vegetable-feeders, that the intestine is long and coiled ; the 
stomach is powerful and gizzard-like, and pyloric ap- 
pendages are present. An exceedingly curious and in- 
explicable feature is seen in this and many other fishes in 
the presence of a black pigment, giving the lining mem- 
brane of the body-cavity a sooty appearance ; that 
membrane is usually somewhat pigmented among fishes, 
but in few animals is this extreme reached. 

Among the Wrasses, a protrusible upper jaw (no uncom- 
mon thing among fishes) coexists with highly modified teeth, 
but in these " lip fishes " the apparatus is not suctorial. 

The Perch tribe have already been noted incidentally. 
They are all highly modified forms, as is seen in the 
presence of scales on the median fins of some species ; they 
include the Perches, Bass, and their allies. The true 
Perches, although essentially fluviatile, have marine repre- 
sentatives, and this, in the case of these highly modified 
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forms, is interesting, seeing that there is every reason to 
believe that all freshwater fishes have been derived from 
marine ancestors. Their teeth are generally simple, and 
the ventral fins are placed far forward. It is to us perhaps 
no matter for surprise to find that even among fishes, the 
offensive faculty is here getting the mastery over the head, 
for the bones of the gill cover, taking the hint from the fins, 
are here produced into sharp and formidable spines. This 
armature of the head leads up to the condition which we 
find in the Gurnards, among food fishes. These animals, in 
some cases capable of rising to the surface, are essentially 
bottom forms, and rarely occur at great depths. No better 
instance can be found, as illustrating the working of nature in 
a highly specialized form of life ; here are fishes, by the very 
nature of their surroundings, liable to all kinds of hardships, 
and it is extremely interesting to see how nature, unable to 
shake off inherited characters, so modifies " the things that 
be " as to ensure the safety of the race. It is quite clear 
that the broad armed head so far exceeds the body in 
diameter, that the latter is, so to speak, under cover of it as 
under a defensive shield — an obvious advantage to an 
animal which, though not a good swimmer, still moves 
about on a rugged sea-bed in anything but an apathetic 
manner. The teeth are small, and the bones of the skull 
are run into a compact mass, which is produced beyond the 
jaws into further buffer-like protections ; the skull, limb- 
girdles, and gill covers, alike develop powerful spines, and 
less marked ones occur on the body. 

The curious "feelers" of th^ ordinary Gurnards, about 
which so much mystery seems to hang, are really but three 
pairs of dismembered elements of the pectoral fins ; they 
have all the characters of them, and are supported by 
jointed fin rays. They are no doubt sensory in function, 
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and while they may serve as a probing apparatus they can 
be used as organs of locomotion ; this gives the creature 
power to move backwardly like a Lobster, and injury to the 
dorsal fins, which might occur in thus moving among pro- 
jecting masses on a rugged bottom, is prevented, by these 
lying when at rest in a groove, under cover on either side of 
a row of serrated bony plates. This is but an exaggeration 
of that which occurs in many other fishes. Now comes the 
question of the under side of the body ; and here again, 
nature, having nothing else to fall back upon, calls into 
play the hip-girdle ; this, meeting its fellow in the middle 
line, forms a great expanded plate, which, it can be seen at 
once, strengthens the flattened body-wall below. The bony 
investment of the whole body, met with in the little Armed 
Gurnard, prepares us for what we find among other groups, 
such as the curious tropical Coffer-fishes, and, to come 
nearer home, the familiar Pipe-fish and Sea-horse. 

One other family of edible Acanths demands notice ; 
that of the Lump-suckers. Heavy unsightly animals, 
having bony tubercles imbedded in their thick skin, they 
derive their name from the fact that, in common with many 
other forms, the ventral fins by their modification give 
rise to a great sucker ; and if any one doubts the tenacity 
of this organ, let him try and remove the brute when 
once it has anchored itself, and he will come away at least 
a wiser man. Their skeleton is often very deficient in 
earthy matter, as indeed may be that of some Eels. 

Some being clad in bone, others, as the Sea Bream and 
Wolf fish, which occasionally reach our markets, having 
enormous and powerful teeth ; nearly all the members of 
this great group are formidable denizens of the water. 

So much for fish structure ; and now comes the question of 
utility. No one who has ever been an invalid can fail to 
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recognise the importance of a fish-diet ; and the reason for 
which most Teleostean fishes are captured is, that their 
flesh, on being eaten, when well boiled puts no such strain 
upon the digestive organs as do the more solid foods. 
This is, to no small extent, due to the fact that the fatty 
material, which requires little or no digestion and can be at 
once assimilated, is in them diffused more evenly through- 
out the tissues than in those animals from which we derive 
our more solid meats. The accumulation of fat, however, is 
often so great, that only the least fatty fishes can be eaten 
with comfort, and thus it is that Cod, Whiting and others 
are so much in demand. The amount of actual nitrogenous 
food in fishes is enormous ; and they also yield a good supply 
of earthy matter, without which we should come badly off. 
Beyond this all is a question of taste, the value of the fish 
being due to some special flavour, which may arise from a 
variety of causes. In all animals, fat is either derived from 
the tissues of others devoured, or is elaborated within the 
system itself. Fishes, but not they alone, store up in the 
liver an enormous supply of this ; and to that power^ in 
species of the Cod tribe, we stand indebted for our far- 
famed cod-liver-oil, while fish fats are also used in the 
manufacture of train oils. The Eels, apart from their edible 
value, furnish us, in the case of the Conger, with a con- 
stituent of the " mock turtle " soups, and in " Eel-fairs " 
time the little fry are literally " fried '* into cakes. 

Passing now to the Sturgeons, the only representatives 
in Europe of a once great order of fishes, we find that, like 
the Gurnards, they live at the bottom of the sea or river 
they inhabit, and here again we find the head encased in a 
bony armour, while, as also in some of the bottom-living 
Teleostei, there are sets of bony plates, disposed in rows 
along the body ; the skin elsewhere is not naked, but 
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lodges minute asperities, and the sides of the tail are 
completely invested in a close-set series of bony elements. 
Carried to an extreme in other genera, this exo-skeleton 
forms in them a dense armour, which, from the characters of 
its superficial enamel-like layer, is called Ganoin, and these 
fishes are therefore known as the Ganoids. Of them there are 
but seven genera living, one of which has a naked body, 
while in others this armour may either assume the form of 
plates, so modified as to " play " over each other when the 
body is in motion, or as in one American genus — Amia — 
of large cycloid scales, in which, as in most other respects, 
this animal resembles a typical Teleostean. The ventral 
fins — absent in one highly modified African form — in the 
Sturgeons, and in all the members of this group, are ab- 
dominal, and lie far back like those of the Salmons. This 
also is true of all fishes below the Teleostei, those being the 
only animals in which the pelvic fins become displaced. As 
to median fins, the Sturgeons have but a single dorsal and 
anal fin respectively, placed nearly over each other ; the 
vent is far back, and obviously these two fins answer to those 
similarly placed in the Salmons. Amia, among living 
Ganoids, has a long" continuous dorsal fin, while in the 
" Bichir " of the Nile — Polypterus — this is continuous with 
the tail fin, and broken up into a series of " finlets " much 
like those of the Mackerel; unlike them, however, each is 
provided in front with a very powerful spine, so arranged 
as to protect the animal when in motion, and the finlet 
itself when at rest. One N. American genus, like both 
the Sturgeon and Pike, has a single dorsal fin placed far 
back, and as its jaws are prolonged and dentigerous it is 
called the Bony Pike. While both it and the Sturgeon have 
such modified fins in the adult, in them both when young 
all the median fins are continuous like the Eel's. The tail fin 
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of the Sturgeon is deeply notched, and consists of two lobes, 
oneof which is much the longer, and,*as can be clearly seen, 
this — dorsal lobe — carries the axis of the tail end of the 
body ; it is in reality the modified and originally straight 
tail of the embryo, which, as the lower lobe — or the ventral 
lobe as it is called — appeared, was displaced by it, so that 
the tail, thus becoming unsymmetrical, is said to be " hetero- 
cercal." The usually symmetrical or even rounded tail of 
the Teleostei does not at first sight appear to have much 
in common with such a form as this, but if stripped of its 
flesh, an exaggeration of the same arrangement will be 
found, except that the further enlargement of the ventral 
lobe has given rise to an apparent symmetry. This 
is known as the " homocercal " tail. On the other hand, 
certain Ganoids retain the perfectly symmetrical tail fin of 
the larva, as do certain lower fishes which we shall consider 
later on. The Sturgeons, devoid of the formidable teeth 
which many members of the group possess, bring us again 
face to face with scavengers ; and so the modifications of the 
jaw apparatus are in some respects like those already seen 
in the little Grey Mullet — that is, the bony mouth supports, 
having a flexible membrane stretched between them, are 
free of the skull, and so modified that under contraction of 
certain muscles they can be protruded. On the top of the 
head, midway between each eye and the gills, is seen an 
aperture — the "spiracle,** which leads by a tube into the 
cavity of the motith ; in some Ganoids, as in the Teleostei, 
this is absent, but by virtue of its presence there are here 
two passages of communication with the exterior, and the 
timid Sturgeon, taking advantage of this, not only " gulps " 
in its food as does the Mullet, but, actually burying its 
proboscis, sucks it in, using this second channel for 
purposes of respiration. While swimming it takes in the 
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water by its mouth, like an ordinary fish. The Sturgeons, 
in common with a long-snouted ally — Polyodon — found in 
North America and China, have no teeth in their jaws, and 
it is a highly instructive fact that the young of both possess 
them ; in the Sturgeon they are fully developed like those of 
a Shark, but only to be thrown off as age advances, when, 
obviously not needed, they give place to the minute denti- 
gerous organs which clothe the gill arches of the adult. All 
the living Ganoids have an open air-bladder, the pseudo- 
branchia of the Teleostei may or may not be present, while 
in the Sturgeon it forms a true gill ; pyloric appendages may 
coexist with a true pancreas, and the lining membrane of 
the intestine, like that of the Salmons, is folded, not, however, 
into a series of annulations, but into a spiral, for which 
reason,the intestine is said to contain a " spiral valve." This 
structure always lodges blood vessels, and is really but an 
increased area for absorption. It also exists in the Sharks 
and Rays, and among the variety of forms it assumes in 
them we find a type much like that of the Salmons again 
present ; there cannot be the least doubt therefore that all 
are identical. The Sturgeon has abdominal pores, which 
open at the sides of and not behind the vent, as in the 
Trout ; as in the Teleostei so in the Ganoids they may be 
absent, and the kidney and generative ducts may each open 
independently. The gill cover of the Sturgeon does not 
completely cover the gills. On boiling the Sturgeon we 
find that the bony skeleton is superficial and but skin deep 
so to speak, and that the skull, unlike that of an ordinary 
fish, is but a mass of gristle or cartilage, while in place of 
the bony vertebral column, there is a rod of somewhat 
similar material. This is a highly important fact, for all 
animals when young have such a skeleton as this, and as 
they age, it becomes replaced by the bony one so familiar 
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to us all ; and those gelatinous masses, already referred to as 
lying between the vertebrae of the Trout, are the last 
remains of it in the adult. The Sturgeon is in this 
respect another of those big babies already mentioned. 
This axial rod, which occupies the place of the bony 
vertebrae of other fishes, is known as the notochord, 
and with its sheath is still eaten in some parts of Russia. 
In some Ganoids, as in the Teleostei, this is largely replaced 
by the bony vertebrae, but very often in the latter, as in the 
former, the end of it remains gristly. The Sturgeons and 
their allies form a group of some 20 species, found in the 
rivers of Europe, Asia and North America, they are 
essentially Northern forms ; some are exclusively fluviatile, 
while all spawn in fresh water. 

The roc of the Sturgeons furnishes when prepared, our 
caviare, and each "grain" of that delicacy would be 
competent, under certain conditions, to produce a Sturgeon. 
Neither prince nor peasant in this land needs to be 
reminded of their edible value ; in the Baltic provinces and 
North America they are regularly eaten, either cooked or 
pickled, and the Sterlet is a time-honoured Russian 
delicacy. From the thick-walled air-bladder of the Sturgeon, 
and in India from two Teleosts, our isinglass or " fish glue " 
is obtained, and it does duty now as well as ever it did upon 
a Greek or Roman plaister. All along, we have seen that 
there is hardly a single Ganoid character that is wanting 
among the Teleostei, and, did space permit, it would be easy 
to show that this great group, with its thousands of living 
species, has been derived from the Ganoids, of which but 30 
species exist. There are living forms which prove this, and 
as we go back in time we find the case reversed as to 
numbers, showing the Ganoids to have had the ascendency 
at one period in the world^s history ; among the fossil forms, 
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we also find every gradation in skeletal anatomy between 
the opposite extremes of the two types. 

In both Teleostei and Ganoids the gills project freely 
into the gill cavity ; in the next lowest group they retain 
their embryonic pouch-like nature, each opening indepen- 
dently ; and as the gills are lamellate or plate-like, these 
fishes are called the Elasmobranchiu There are some 300 
living species, which include the Sharks and Dog-fishes, or 
Squalidm^ and the Rays or Batoideiy with their allies. No 
air-bladder is ever present, and the intestinal valve has been 
already alluded to. The exo-skeleton, when present, is 
modelled upon a somewhat different plan from that of the 
higher fishes ; teeth occur in the jaws alone, and there are 
certain other characteristic features in their visceral anatomy ; 
suffice it to say that the mouth in all is lodged on the 
under side of the head, while in the region of the vent there 
is an immense single aperture, the opening of a large 
chamber which receives the alimentary, kidney, and gener- 
ative ducts ; it is therefore a common outlet, and the 
classical term " cloaca " is applied to it. On either side of 
this there is usually present an abdominal pore ; and these 
fish generally deposit their eggs in a leathery purse, in 
which the young are protected during development; two 
Sharks, however, bring them forth alive. 

The sagacious, active, voracious Squalidae^ as variable in 
habit as in size, are marine forms, although some few ascend 
the Amazon, Tigris, and Ganges rivers. The smaller 
familiar Dog-fishes are generally shore forms, while the 
larger Sharks, sometimes reaching a length of 30 or 40 feet, 
are among the most formidable of all living beings ; often 
they are wanderers, and may follow a ship for .weeks in 
open ocean. On the other hand, some, having small 
teeth, are in a sense harmless. The body is generally 
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elongated, and the tail, in all a powerful propeller, may be 
shortened ; the pelvic fins are always abdominal, and the 
pectorals are placed as usual. The median fins vary very 
much, but neither dorsal nor anal fins exceed two in 
number, although the caudal fin may be continued round 
the tail for some distance above or below. The tail, often 
quite straight and symmetrical, may be bent up as in the 
Sturgeon, bearing an unequally-lobed fin,"[which, in the 
Swingle-tail and the great harmless Thresher,* attains an 
extraordinary development. The anterior dorsal fin may 
lie even behind the ventrals as in the common Dog-fishes, or 
may be above the pectorals ; the posterior dorsal fin, when 
present, is usually pretty near the anal. When, as often 
happens, the median fins are represented by but a caudal 
and two dorsals, the latter are usually similarly related to 
the paired fins ; the body — in some of a dull colour, in 
others variously marked or tinted — is in all covered by small 
dentiform scales, constituting the shagreen of commerce. 
(The Sun-fish among Teleostei has a similar investment.) 
The teeth, though often different in the two jaws, are of a 
similar nature to this shagreen ; like the scales which form 
it, they vary very much in shape and size, in some cases 
sharp and cutting, in others brpad and crushing, in others 
combining these two extremes, while that which is some- 
times described as their " shape," is really due to alteration 
in wear. It is well known that the lining membrane of the 
mouth of all animals is formed by an ingrowth of the skin 
which covers the body, and as everyone knows the two things 
are continuous at our own lips. This being so, it follows 
that that skin carries in with it the power of producing 

* Representatives of these, and of the Basking and Greenland 
and other Sharks rarely seen in this country, will be found in the 
Canadian section, and elsewhere. 
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scales, and these mouth-scales we call "teeth"; in some 
Sharks, the transition from the body scales to the teeth can 
be easily followed as we approach the mouth. The gill 
slits — in some very small, in others exceedingly large — are 
always placed at the sides of the head, immediately in front 
of the pectoral fins ; usually there are five of them on either 
side, but in some Sharks of the Tropical seas there are six or 
seven. The eyes are large and lateral, and in some guarded 
by a membrane, which, as in frogs, reptiles, and birds, 
can be drawn over the eye at will. Behind each eye in 
most Sharks, there is present a valvular spiracle, which in 
life keeps up a rythmical respiratory-movement, and like 
the Sturgeon's, leads into the mouth-cavity; that cavity 
itself is enormous in all, chiefly on account of the great width 
of the gape ; and the actual aperture of the mouth — in 
some far forwards, in others back even behind the eyes — ^has 
its actual position determined by the elongation of the head, 
into which the jaws never enter as in the Pikes. Hardly 
a picturesque thing at any time, the interior of the mouth in 
one Dog-fish, which, however, rarely reaches our shores, is 
black, for which reason the Italians call it the "Hell's 
mouth." In most Elasmbbranchii, it will be seen that the 
nasal aperture, which is also on the under side of the head, 
leads into a sac, and that a fold of skin is so arranged as to 
incompletely shut it off from, and at the same time to put it 
into communication by an underlying groove with the[mouth. 
Here once more we are facing a big baby, for, in even our 
own case, there is a period in our existence in which the nose 
is similarly arranged ; that which is here a groove, becomes 
in us a canal by the complete closing over of this fold. 

There are among the Elasmobranchii certain forms, 
known as the Monk-fishes or more familiarly the Angel- 
fishes, as, like those mysterious beings, they are possessed 
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of wings. These appendages, as anyone can see on com- 
paring a Shark, are really the pectoral fins, which are here 
rotated towards the head ; behind them are smaller wing- 
like pelvic fins, while the tail is very stout and fleshy. We 
have, in fact, the transition stage between the Sharks and 
Rays here realised. All Rays when young are long-bodied 

• 

Shark-like animals ; as they grow, however, these great pec- 
toral fins enlarge, and in the Angel-fish and some few Rays 
they get no further, while in the majority of these latter they 
still grow on, and, uniting with the head and body, form the 
disc-shaped adult The Batoidei are mostly marine, but 
some are exclusively fluviatile ; they rarely occur at great 
depths, and while the more Shark-like forms are free 
swimmers, the majority of them, like their flat brethren — 
the Pleuronectidae — live at or near the bottom, where they 
usually feed on small animals. Bearing in mind what we 
saw in the flat fishes, it is not at all surprising to find the 
surface of the body variously coloured or ornamented for 
protective and other purposes; while even the spines 
may, in addition to the defensive function, also serve this 
purpose. It is no uncommon thing, especially in the 
smooth forms, to find the under surface of the body 
coloured, and not white as is usually the case ; often the 
great spines, with which many are armed, may also occur 
op the under surface, and these modifications, in all pro- 
bability, have to do with their mode of feeding, for many 
of them instead of hunting down their prey, swim down 
on to it, and, by arching their great fins, cover it in as under 
a cloak, much as a bat will sometimes cover in an insect 
before devouring it. The head and under surface of the 
body here, and less conspicuously in the Sharks, show 
numerous small pores ; in relation to these, there can often 
be seen more or less tortuous canals lying immediately 
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beneath the skin ; they converge towards the head, where 
they receive an enormous nerve supply, and are undoubted 
organs of sensation, of the nature of the organ of the lateral 
line already referred to. Commonly and erroneously they 
are called mucous canals ; the formation of the slimy mucous, 
however, is wholly concerned with changes going on in the 
skin, and these canals have nothing whatever to do with it. 
The flattening of a sole or that of a skate are obviously 
two distinct things ; the former — a compression — affects 
the tail in the main, and the paired fins remain small ; 
while the latter — a depression — affects the paired fins, and 
in proportion as it is increased, the tail, no longer of use as 
a propeller, is modified Unwilling to part with this ap- 
pendage, it is for these reasons that in some it becomes a 
long filament, the use of which is unknown ; in the Sting- 
Rays it bears a most formidable spine, while in even the 
common Skates it lodges on either side a ** pseudo-elec- 
trical" organ, so called because it differs in position and 
structure from the truly electrical apparatus of the Tor- 
pedoes ; this latter lies between the head and the expanded 
pectoral fin in frpnt. 

An electrical apparatus is also found among the Teleostei. 
A Sheat-fish {Malapterurus\ from the freshwaters of 
Tropical Africa, and the so-called Electrical-Eel, of Brazil, 
both possess it. In the former of these two cases the 
animal reaches a length of some four feet, and the electrical 
organ is distributed over the whole surface of the body ; in 
the latter, which is about six feet in length, it is restricted, 
not as in the Torpedoes to one area, but to two, occurring 
upon either side at the back of the tail and along the anal 
fin. These organs are capable of producing a powerful 
shock, are abundantly supplied by nerves, and are as fully 
under control of the animal as are its muscles. 
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In neither Angel-fishes nor Rays are there anal fins in the 
adult ; the dorsals — which may be one or two in number or 
absent — are never placed in front of the ventrals^ often, as in 
the common forms seen in our markets, lying at the ex- 
treme end of the tail. As the result of the changes undergone, 
the eyes and spiracles remain on top of the head, while the 
originally lateral gill-slits are carried round, and together 
with the nasal sacs and mouth lie on the under surface ; in- 
asmuch as the pectoral fins have been rotated forwards, the 
gill-slits lie, as of necessity they must, internal to them. The 
snout is often prolonged into a beak or rostrum, and in the 
Sword-fish this bears the well-known lancet-like blades, 
which, in common with the spines of the Thombacks, or 
shagreen of the Sharks and indeed of some Rays, are but so 
many modified scales. On examination these are all seen 
to consist of dense more or less tooth-like organs, known as 
placoid scales, and each has, like the teeth from our own 
gums, a bony base. Shagreen is chiefly used for handles 
of swords, knives, and similar instruments where considerable 
** purchase " is required. This power is due to the fact that 
these small tooth-like scales inflict so many minute scratches 
upon us at the time of using, really grafting themselves 
into our skin. Many Sharks have the power of erecting 
these organs in self defence, while others, as for example 
the common Picked-Dog of our coasts, have enormously 
enlarged spines at the bases of certain fins, with which they, 
by taking an actual aim, can inflict a most deadly blow. If 
further demonstration of this is needed, let a man stroke a 
common Dog-fish the right way and he is smooth as satin, 

but let him try and reverse the process, and he will return 
a wiser but a wounded man. The fact that in an ordinary 

scratch no bleeding follows proves to us that there is a 

layer of our skin in which blood vessels do not occur ; and 
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if the scale of a large-scaled Teleostean is carefully ex- 
amined, it, in common with its fellows, will be found to be 
covered over by this non-vascular epidermis as it is called, 
which is here pigmented. So it is with the young Skate. 
More than this, however, it can be proved by removing one, 
that they just as certainly overlie the deep vascular layer ; 
bleeding then takes place, because injury has been done, 
and the vascular plug over which they lie, and from which 
they are exclusively formed, is the so-called pulp, to the 
shape of which both the tooth and the scale conform. One 
difference, however, does exist, for while we have but two 
sets of teieth, the more fortunate Sharks and Rays have 
the power of replacing them from behind as fast as they 
are worn away in front. 

Among Elasmobranchs, and especially the Skates where 
the spiracle is large, no difificulty is found in seeing that it 
lodges a pseudo-branchia ; this is obviously not the same 
thing as that of the Teleostei, for, as in the Sturgeon, a fully- 
formed half-giU takes the place of that organ, while 
behind there are in addition at least four complete gills. 
The Elasmobranch skeleton presents us with a marvellous 
diversity of modifications ; in some there is a partly or 
wholly complete: bony vertebral column, in others, we find 
a simple notochord as in the Sturgeon, and while in that 
animal all the outlying structures are bony, in some Sharks 
the notochord alone is replaced by bony discs, and the 
outlying parts are cartilaginous. Other modifications, too 
detailed for notice here, occur, but the skull and the skeleton 
of the fins retain in all the embryonic condition, the 
cartilage of which they consist, though it may be encrusted 
in bone, being never replaced by bone. The skull forms a 
complete box, which lodges the brain and expands in front 
of the eye into two olfactory chambers, and behind it into 
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two auditory chambers, which lodge those sense organs 
respectively. Further detail concerning these is needless 
here. 

Sharks are used for soups in China and Japan, while in 
our own land the Smooth-Hound, Tope and Picked-Dog, are 
eaten on emergency, but not as a rule ; in Cornwall, a soup 
is said to be made of the Rough-Hound, and while at one 
time the Monk-fish and Rays used to be cooked in abund- 
ance for food, the latter and especially the Skate are still 
somewhat in vogue. The Monk-fish and Dog-fishes of our 
coasts furnish a type of shagreen much used for polishing 
hard surfaces, and oil is extracted from the liver of the 
Larger spotted Dog-fish. 

Standing quite away from the ordinary Elasmobranchs, 
is the genus Chimera ; in that its flesh is at times eaten, 
and that it furnishes oil, said to be used medicinally, it may 
be mentioned here. There are but four species known, 
and as it makes raids upon the Herrings, it is called the 
" Herring King." Rare on our own shores, it abounds in 
the Polar seas ; its body is naked and curiously shaped, 
ending in a long filiform tail ; all the fins are large, 
especially the pectorals and the first dorsal which lie above 
them. This fin is armed with a powerful spine, and the 
male animal has a curiously toothed appendage im- 
mediately above and between the eyes ; the anal and 
caudal fins are confluent. Among its many interesting 
peculiarities, it may be here noted that its young bear 
certain placoid scales, which they soon lose ; in the adult, 
that portion of the lateral line organ which lies on the side 
of the head, is, like that of the young of other forms, an 
open groove enlarged at intervals ; if closed between these 
enlargements we should have the typical condition. The 
mouth is gUfirded by six cutting teeth — four above and two 
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below — ^which are never replaced. A spiral valve exists in 
the intestine, and there is no spiracle present; the gills 
are closed in under an operculum, having all the relations 
of that of the higher forms, but containing no bones. 
There is a nearly simple notochord ; and other modifications, 
beyond the scope of these pages, exist, which show it to 
be a form standing alone among living fishes. 

The Lampreys form another isolated group. Highly 
modified Eel-like creatures, with their fins forming a median 
fringe, which encircles the tail and may be broken up dor- 
sally, they show no trace of paired fins, for just as is the case 
with most snakes they have lost them, and are, for these 
and other reasons, said to be degenerate forms. They 
are mostly free-swimming, and occur in abundance in both 
hemispheres. The large and much-prized marine Lamprey 
{Petromyzon marinus) ascends our rivers — chiefly the 
Severn — in the spring to spawn ; and the river Lampreys, 
or Lamperns of fishers, are used both for food and bait. In 
all these animals the proper jaws of other forms are 
suppressed, and there is developed in front of the true 
mouth an immense accessory sucking apparatus, fringed 
with small tentacles in some, and bearing horny teeth, 
which latter, in that they are formed outside the lining 
membrane of the mouth, differ from those of other fishes. 
As the result of the development of this sucking mouth, 
the nasal sac, which is here single, and which lies in 
the young animal on the under side of the head as in 
Sharks, is carried up to the dorsal side. The tongue is 
long, always tipped with teeth, and rasp-like, and is so 
arranged, that the animal, attaching itself by its lips, with- 
draws this, and, producing thus a vacuum, holds on in 
the fashion of the schoolboy's sucker. They may be seen 
to anchor themselves thus to stones or floating objects ; 
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and while the Lamperns feed upon small fish and other 
forms, which they take in as best they can, the sea 
Lamprey is said to attach itself in this way to either 
dead or living fislies, chiefly of the Cod tribe. This 
done, it is said to rasp out a morsel of its host's flesh and 
depart. The Hags or Myxinoids, however, instead of 
doing this, usually enter by some natural aperture, and 
actually force their way inside the body, for which reason 
they are called the "borers." Often they do not leave it 
again until nothing but bones remain, which their homy 
teeth cannot touch ; they are therefore true parasites, and 
here, as always under such circumstances, the individual, 
dead to all self-respect, becomes a mere degenerate hanger- 
on. Their presence is the more obnoxious, in that their 
skin contains stinging organs like those of the Jelly-fishes. 
In order to fulfil these functions, it is clear that the gills must 
become modified, and this necessity leads up to a strange 
series of changes. Firstly, the gills are always pouch-like, 
for which reason these animals are collectively called the 
Marsipobranchiu In the Lampreys there are present seven 
pairs, which open at the sides of the head externally, and 
internally they lead into a special chamber, which lies 
beneath the oesophagus and can be shut off from the 
mouth by a couple of flaps or valves ; if watched, there can 
be seen a rythmical pulsation going on, the water setting 
both in and out by the gill apertures. Here, once more, we 
find a means of separation of the respiratory from the 
alimentary functions. In most of, but not in all, the Hags, 
the gill-sacs open externally by a single pore placed far 
back on either side, and internally into the pharynx itself ; 
here then arises a difficulty, and they get out of it by 
breathing through the nose. For this reason the nasal organ 
opens into the cavity of the mouth in them, but not in the 
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Lampreys. The vent is placed far back, and the alimen- 
tary canal is a straight tube ; behind this there is a papilla, 
placing the generative and kidney ducts in communication 
with the exterior. The eyes are small, and in the Hags 
buried up beneath the skin and useless. The eggs, when 
laid, are often buried in the sand after the fashion of the 
Salmon's, and the young pass through a series of larval 
stages, which extend over a long period ; as this is so, the 
metamorphosing larvae were once thought to be a distinct 
species and were called AmmoccBtes. The skeleton is whoHy 
cartilaginous, an immense notochord being present ; this 
cartilage contains a deal of fat, and, contrary to the general 
rule, is said to yield no chondrin on boiling. 

The only remaining group, viz., that of the Mud-fishes, is 
one of the most interesting among all living animals. They 
are poor swimmers, and though found in brackish water are 
restricted to the rivers of Queensland, tropical Africa, and 
the Amazon. The three so widely distributed living genera, 
are the last survivors of a once great race. The " Barra- 
munda " of Queensland,* and the African ProtopteruSy are 

r 

both common food* fishes in those countries, while the S. 
American genus Lepidosiren, is but little known. The body 
in all is elongated and covered with cycloid scales, and what 
median fins do exist are confluent ; the organs of the lateral 
line are present, and the ventral fins are abdominal and far 
back. The paired fins, unlike those of nearly all living fishes, 
are paddle-like, and each consists of an axis, fringed on either 
or on one side alone, while in the African genus the axis 
alone remains. They have teeth, an intestinal valve, 
abdominal pores, and true gills, in common with other 

* Specimens of this animal — Ceratodus — can be seen in the New 
South Wales Collection, and a well-prepared skeleton of it and other 
fisl^s In tJie West Galleries. 
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fishes ; but, unlike them, the open air-bladder can be used 
as a lung ; and, in accordance with this,' the blood vessels 
which supply it, contrary to what is found in all other fishes 
whatever, are either partly or entirely connected with the 
heart itself. These animals, by virtue of this arrangement, 
can breathe by lungs and gills, either together or indepen- 
dently, and are therefore called the Dipnoi. They thus not 
only have the power of living on land, which in fact they do 
in search of food ; but the African genus, in time of drought, 
constructs a mud-hut in which, leaving air-holes, it lies in a 
torpid condition, until liberated on return of the rainy season. 
For these reasons the name of Mud-fish is given it, and the 
specimens which reach our aquaria are sometimes trans- 
ported mud-hut and all, and liberated upon arrival. These, 
and a host of other modifications beyond us here, show 
that we are dealing with an animal obviously a fish and 
yet not a fish, inasmuch as interference with gill respiration, 
which would be fatal to an ordinary fish, is here to an 
extent optional. In fact we are on a borderland between 
two great groups, and in the whole realm of nature forms 
similarly connecting any two apparently well-defined groups 
are to be found, and thus we get " harmony in discord " and 
continuity in all. 

While no other fishes have a lung so fully functional as 
this, many are capable of living for a time out of the water, 
and others cannot live without coming to the surface to 
breathe. The failure to live an exclusively terrestrial life, 
among them as even to go lower in the scale, among some 
Crabs, is not for the want of trying. We have most of us 
heard in our young days of the climbing Perch of India ; 
this little fish utilizes its- spines in ascending the Palm-trees, 
and as to its respiration, it developes from its gill-arches, as 
indeed do some Herrings and others more or less completely, 

E 2 
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a structure known as the labyrinthiform organ; this lies in* 
a pouch above the gills, its walls are folded and refolded after 
the fashion of a sponge, and the water held in its meshes 
serves to keep the gills moist while on dry land. That it 
also performs a respiratory function in the water is clear, as 
this Perch, in common with others having a similar 
apparatus, is drowned if prevented from coming to the 

« ^ surface. If the gills of an ordinary fish are bandaged up 
certain death ensues, but if these forms are so treated they 

. . live on, so long as allowed to rise to the surface. Among 
the Siluroids, some Indian forms attempt a similar thing, by 
sending back, as in the genus Saccobranchus* a long 
pouch in among the muscles of the body ; here, it will be 
remembered, the air-bladder is used for purposes of hearing. 
A S. American genus, Callicthys, passing the air through its 
alimentary canal, has an intestinal respiration ; in some of 
these still other strange modifications in the same direction 
occur, in the presence of which even the gills themselves 
may be reduced. Some of the Ganoids on the other hand, 
rising to the surface, make use of the air-bladder as a 
lung, but in no known fishes, except among the Dipnoi, 
is prolonged life upon dry land possible. 

This leads up to the Amphibia^ of which the only 
commonly edible form is the Frog. Its appearance is too 
familiar to need description here, and no one who has merely 
seen its skewered hind legs, as offered for sale on the 
Continent, would recognise in them the ventral fins of a fish 
to which they correspond. The Frog, like the fish, has no 
neck, and while the caudate Tadpole is a free swimmer, the 
adult is tailless ; the skin is scaleless, but some of the lower 
amphibia are, like the fish, scale-clad. The internal organs 

* This fish and the climbing Perch are both represented in the 
IndJan'section. 
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are at first sight unfish-like ; but the truth is that in it and 
right on up to nian himself, there is much more that is 
" fishy " than people are wont to imagine. Under ordinary- 
circumstances, the Frog may live either in or out of the 
water, and for this reason it and all its allies — our Newts, 

Efts, Toads, &c. — are called the amphibia ; it must, however, 

• 

come to the surface to breathe, and this it does in a very 
characteristic fashion. Unlike us it has no ribs, so that costal 
respiration is impossible, and experiment shows that it ca'n- 
not breathe with its mouth open ; what it does, therefore, is 
to depress the floor of the mouth — it first being closed — 
whereupon the air is sucked in through the nostrils ; these 
are then closed, the floor is raised and air is forced into 
the lungs, which, by their own elasticity in the main, again 
expel it as the nostrils are opened. Thus it is that we find, 
in place of the movements of our chest, corresponding 
movements of the floor of the mouth. The Frog is 
carnivorous, but the teeth, which exist in the upper jaw 
alone, are prehensile ; no lateral motion of the jaws or biting 
is possible, and the tongue is also capable of being protruded 
and used as an organ of prehension. Eyes, with well-marked 
eyelids, are present, as also are the ears, which here, as in 
the fish, show no signs of external appendages ; contrary 
to what is seen in the fish, however, the drum of the ear is 
visible behind the eye. The vent is placed at the extreme 
end of the body, and on either side of it there can be seen 
as in the Eel's tail, a rythmical pulsation, [due to the pre- 
sence of a pulsatile lymph-heart. 

The bearing of the Frog upon the fish, however, is best seen 
in the Tadpole ; that, as everyone knows, is a long-tailed, 
free-swimming animal, it has gills and a sucking mouth with 
homy teeth, and at one period, gill-covers exactly like 
those of a fish, and like those of the Herring King not 
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supported by bone. It is an animal for which you can 
find no name but that of a fish. Later on lungs are formed 
from the gullet as is the fish's air-bladder, the gill-covers 
close over; gills, tail, and horny teeth disappear — ^the 
" moult " is passed — and the animal now becomes a Frog. 
Inasmuch as it passes through a true fish-condition, it is 
said to have a complete metamorphosis ; but there are 
many allied forms, which never get beyond the gill-bearing 
stage. In this building will be found one of them, the 
Axolotl, an inhabitant of the lake which surrounds the city 
of Mexico. If this animal is deprived of access to the water, 
that is, subjected to the equivalent of a series of droughts, 
its gills disappear, and as it for ever afterwards breathes by 
lungs, it completes that which the Mud-fish had begun. 
Its eggs, especially when laid on dry ground, often give 
rise directly ^to gill-less forms ; in either case the lungs 
alone remain as the organs of respiration, and the creature 
becomes terrestrial. Other changes, not the least important 
among which affect the colour, go on, and we have a 
" species " produced before our eyes ; more than this, how- 
ever, for there is here realised the transition from the 
branchiate to the abranchiate forms, and the air sac, nt)W a 
lung, remains such, right on up to man himself ; and from 
this] point onwards, just as we saw fish trying to become 
terrestrial, so we shall find terrestrial forms which, dis- 
satisfied with their surroundings, tired of the new love, go 
back to the old one and try to become fish. 

First among the higher animals possessed of this ambition 
come the Turtles, which as we all know are true reptiles ; 
ike other reptiles and birds their eggs are enclosed in a 
hard shell. 

The members of this group of the Chelonia as they are 
called, like the Lobsters, Crabs, and many other animals 
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carry their " house " on their backs. This great exo- 
skeleton is but an exaggeration of what we have already 
seen in the fish, and by its agency they often defy 
destruction, except by the capacious jaws of the Crocodiles 
and certain fishes ; in retaliation for this, some Chelonians 
make a favourite repast upon the eggs of those great 
monsters. Among them we find adaptations to almost 
every mode of life ; there are land and water Tortoises, but 
the marine forms alone constitute what are called Turtles. Of 
these there are but three living genera ; they occur chiefly in 
the Pacific and Atlantic oceans, and furnish that sine qud 
non of the city dignitary, and our no less valuable tortoise- 
shell. In India, one soft or Mud-Tortoise is eaten. 

The general build of their body is well known, and at 
first sight it may seem strange that such heavy brutes 
should lead an aquatic life ; some water Tortoises, it is true, 
are little less heavy than land ones — they have inherited 
the ''house" and cannot shake it off, so they reduce it, 
and in the Mud-Tortoises it is quite soft. In the Turtles it 
is less bony than in the solid land forms, and as the capacity 
of their enormous lungs must diminish their specific gravity, 
it is not surprising to find them living on the surface of 
deep water, where their favourite food abounds. On land 
they are far less active than their terrestrial brethren, and 
this, because the limbs are modified for swimming purposes ; 
the clawed-toes of land forms are here bound together to 
form paddles, and as this is most marked in the fore limbs, 
from each of these all the claws but one disappear. They 
come periodically on land to deposit their eggs, and 
as the injunction to crawl on the belly extends to 
them, man, taking advantage of their weakness, gets the 
ascendency. All Tortoises have a long neck, upon the 
flexibility of which the power of capturing their prey 
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depends ; in some it is naked, but the Turtles have head, 
neck, and limbs, all covered with homy scales. The " house " 
is so fashioned in all, as to leave the head and neck, limbs 
and tail free ; in some these can be partly or in others 
wholly retracted, and being the only freely movable oi^ns, 
the bony structures which support other parts become 
firmly united with the shell. As this includes the ribs, these 
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neither covered in mider an epidermis like young scales and 
teeth, nor do they correspond in relation and number to the 
bones of the underlying "house." Proven thus to be 
totally diflferent structures to either, they are, as from these 
facts they must be, actual modifications of the epidermis 
itself. Tortoiseshell then is an epidermal thickening, 
which, like all similar structures, owes its presence to 
activities going on in the skin — ^we are dealing now with 
that which the fish has not 

On the back of the Hawk's-bill Tortoise there are 
thirteen of these large plates, with an edging of small ones. 
While on the limbs, neck and tail the latter alone occur, it 
can be seen upon removal, that of those on the^back the 
five median ones overlie ten bony elements, while the four 
lateral ones have beneath them on either side eight ex- 
panded bony masses. These are true bony scales, formed 
like those of a fish beneath the epidermis, and for purposes 
of distinction are called " scutes." Owing to the nature of 
the changes undergone in the production of a firm rigid 
body, the underlying backbone and ribs have completely 
united with this so-called carapace. On the ventral side 
these scutes keep clear of the endo-skeleton, and give rise 
to a defence, as unlike as it could be to that which in dress 
but better in warfare, is called a plastron. 

Crocodiles and Alligators do, and Lizards will, take to 
the water, and there thus remain among reptiles but the 
snakes for consideration. The use, medicinally, of viper 
soups, broths and what not, practised by our forefathers, 
still survives even in Surrey, and let the unfortunate " Sea- 
serpent " turn out to be what it may, the fact remains — ^that 
^ do exist. The common snakes can do everthing 

climb, run, or swim, with marvellous rapidity. 
'\ exist non-poisonous, and in south Asia 
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poisonous, freshwater snakes. The Sea-snakes occur in the 
Indian and Pacific oceans, and may reach a length of ten to 
twelve feet ; many of them, unlike the Tortoises, have 
adapted themselves exclusively to the new life, and being 
poisonous are among the most dccidly inhabitants of the deep. 

Among birds, Ducks and Swans, not to say Gulls, Waders, 
Pelicans, Sea Eagles, and still less the Darters, Spoonbills 
and others, are more or less familiar to most people, as being 
capable of leading a partly aquatic life or of at least feeding 
upon fish. All these, including the Grebes and Divers, are 
bird-like ; their plumage has the ordinary characters ; their 
wings, except that in some they are small, are clad in the 
customary long feathers, and the hind limbs are free of the 
body. The neck, beak, or legs, may be specially modified, but 
except for a webbing of the foot there is nothing fish-like in 
them ; some of them can both dive and swim beneath the 
surface, but when we come to the Penguins we find an 
adaptation to a temporarily submerged condition, reaching 
its maximum among living birds. 

To this end something of the nature of a fin is established, 
the bones of the fore limb are closely applied together, 
and flattened in such a manner that — all power of inde- 
pendent movement being lost among them — ^the limb moves 
as a whole. In order that the least possible resistance may 
be offered to the animars progress, the feathers of the Jjody 
are small, of uniform pattern, and scale-like; and while 
something approaching this is seen among other marine 
birds, it is only in the Penguins that the fore limb — no 
longer bearing the familiar wing feathers — is converted into 
a paddle. The hind limbs, modified in some respects, 
when compared with those of most living birds, are bound 
down to the body, as in the Seals, only the foot being free ; 
this being so, the body itself is carried erect on land, giving 
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the bird a strange and highly characteristic appearance. 
The young Penguin is among the most curious of nature's 
productions ; it* has shaken off its inherited power of flight,, 
but the modifications of its limbs render it a most un- 
gainly looking animal, as it " waddles " about until fully com- 
pietent to trust itself to the depths of the Southern Ocean. 

The only group now remaining for consideration is 
the Mammalian. Mammals are so called, because they 
possess organs which enable them to suckle their young 
which are brought forth alive, and in them, unlike all 
other animals, the body cavity is divided into a thorax 
which contains the heart and lungs alone, and an abdomen 
which lodges the rest of the viscera. They all have 
hairs at one or other period of their existence, which, 
like the scales of the reptile, are exclusively epidermal in 
origin ; not infrequently they may have scutes also. The 
skeleton, the organs of circulation and respiration, all have 
special characters by which they can be recognised from 
those of other animals ; in common with birds, mammals 
are said to be warm-blooded, as distinguished from so- 
called cold-blooded reptiles and fishes. 

Our Rats, Voles, Bears, Dogs and Beavers all take to the 
water, but no mammals lower in the scale than the Otters, 
are equally at home on land or in water. These creatures, 
with their webbed feet and broad flattened tail, are, in the 
case of the large Sea-Otter of the North Pacific, hunted 
almost to extinction for their fur. Beyond this, suffice it to 
say that that animal approaches the Seals, in appearance and 
habit, and that its skull and teeth have all the characters of 
those of a typical carnivorous mammal. We must most of 
us know, that if a warm-blooded land mammal would live in 
water, it must at least keep in the heat ; and this first diffi- 
culty is overcome by the Otter, for it has beneath its skin 
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a layer of fat — a blubber — which effects the purpose. We 
ourselves possess this to a less marked degree, and one is 
curious to know to what extent the success of great 
swimmers may not be due to a similar condition. 

Next come the Seals and the Walrus. They carry 
matters a step further, for now we find that the body is 
becoming more fish-like ; obstructions are being cleared, 
and in all but some Seals the ear goes. Those which 
retain it are called the Otaridae or Eared-Seals. The nasal 
organs are very large, and in some visibly sacculated ; the 
animals have perfect control over their valvular nostrils, 
and all now becomes a question of fins. Here an 
important difference steps in. In all, the fore and hind 
limbs are each bound up in the webbed skin, for which 
reason the group is called the Pinnipedia ; the hind limbs 
are in part similarly bound down to the tail, but, while the 
ordinary Seals use their feet, the Sea-Lions use both their 
limbs as propellers. The Sea-Lion and Walrus begin by 
elongating the thumb, so that it becomes the longest finger 
of the five, the others all getting shorter in succession ; by 
this means a fin rather than a paddle is formed, and the 
hind legs are retained for walking purposes. This being 
so, the animals can support the body on all fours on land, 
and they progress by this means in a highly characteristic 
manner, walking on the entire palm of the hand and sole 
of the foot, both of which members are carried at right 
angles to the body. The Sea-Lion, having a long neck, 
grooms itself after the fashion of a dog, and can scratch its 
head with its hind^limb,* while the thick-skinned Walrus can 
look behind it as readily as can a man. 

The ordinary Seals, however, have the hind limbs thrown 

* One of a series of artistically-grouped examples is preserved in 
this attitude in the Canadian section. 
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back, in which position they are bound down to the tail, 
the enlarged feet alone being free ; these they use as a pro- 
peller. The fore limbs remain small, and are carried close 
to the body. By these, as in the fish, the more delicate 
movements are regulated. As they thus have no power 
of raising the body on land, they are among the most 
helpless of all animals when "beached," but among the 
most active when once in the water. The nails in all are 
small, and in some there are extra supports formed for 
the expanded flippers. The teeth in most Seals are of the 
true carnivorous type ; the familiar large canines, and the 
sharp-cutting cheek-teeth like those of a dog, are proofs of 
the real relationships of these forms. In some, as for 
example the great Bladder-nosed Seal, the teeth show 
marked signs of reduction in size, and they are in most 
so disposed that those of the two jaws interlock, after the 
fashion of a fishes teeth. By virtue of this arrangement, 
the teeth come in some to be nearly uniform in size 
throughout ; all are small, and between them there are 
great gaps to receive the teeth of the other jaw. All 
these animals, including the Walrus, shed their milk teeth. 
The Walrus is characterised by its well-known "tusks," 
which are but immense eye-teeth or canines ; they are 
present in both male and female, and the other teeth are 
reduced in proportion as these [are enlarged. This highly 
intelligent brute presses its tusks into service for purposes 
of locomotion on the ice, as well as for both offence and 
defence, its only masters being the Polar Bear and man ; 
their main function, however, is that of digging out the 
small-shelled animals from the shores on which it lives. 
Walrus fishing is now practically a thing of the past, and 
the only parts of the animal now used outside the Arctic 
circle are the tusks, which are^still in vogue by ivory workers 
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and dentists. It is confined to the North Pacific and North 
Atlantic seas, but its remains are found fossilized as near 
home as Suffolk. The Finlanders used to make a regal 
tribute of it. 

From all that we have seen, it is clear that heat must 
be kept up, just as nutritive material must be supplied, 
alike for the maintenance of our bodies ; and regarded from 
this point of view our sealskins, and other similar animal 
products used for clothing, are but so many " foods " in- 
dispensable to our existence. The inhabitants of the 
Arctic circle once used the Walrus, as the Esquimaux 
still use the Seals, to supply every imaginable want. 
They eat even its liver and blubber ; their clothes, boats, 
tents, weapons, and even the " coffins " for their dead are 
derived from it; while, having no cotton factories, they 
sew with its sinews. Nearly all Seals, wherever they are 
plentiful, are used for food ; we nevertheless threaten 
both to deprive the Islanders of their food and the world 
of its Seals, by our systematic, not to say brutal and in- 
human raids upon the young, in our greed for finery. 

The skin, which in the Walrus is thick and leathery, 
sparsely hair-clad, and often scored with battle-marks, is in 
the Seals thickly covered in the short close-set seal-fur ; 
the actual characters of this vary much with age, in some 
it is variously coloured, in others almost white.* The body 
of most mammals is clothed in " hair" and " fur," just as a 
bird's is clothed in " feathers " and " down." In the Seals 
and Walrus, as in our more familiar domesticated mammals, 
certain of these hairs are enormously enlarged to form the 
so-called " whiskers," which, as everyone fully knows, are not 
completely formed until some time after birth. The 
customary distinction between "hair" and "fur" Seals, 
* Examples can be seen in the Newfoundland Collection. 
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therefore, inasmuch as it is often entirely a question of age, 
is an unnatural one ; the true hair Seals are but those in 
which the longer " hairs " predominate, the soft " under fur ** 
being reduced, just as in pigeons, among familiar birds, the 
"down" is reduced. The Eared-Seals furnish both hair 
and fur-kinds. Both they and the common Seals are found 
in N. and S. latitudes of the two hemispheres. 

The body, in some Earless-Seals hairy even to the soles 
of the feet, is in all clothed in the afore-mentioned fur 
and hair, and the market value of the dressed skin is 
proportionate to the care with which the long hairs are 
removed. This is done by a very simple process, underlying 
which there is a most instructive lesson. The hair, like a 
bird's feather and a tortoise's scale, is a modification of the 
epidermis, but unlike the scale, its base sinks down into 
the skin for purposes of attachment, and forms a so- 
called root ; as this sinking is proportionate to the length 
and size of the hair, it follows that the "hairs" of the Seal 
must lie deeper than its fur. The skin upon removal is 
pared to such a level as shall destroy the attachments of 
the hairs, they are then plucked, and the under fur, un- 
injured, alone remains. 

When we come to the Porpoises, Dolphins, and Whales, 
with their allies, the first noticeable thing. is that, like the 
Eels, they have lost their hind limbs. Only in the Whalebone- 
Whales is there ever a trace of them, while all others have 
a remnant of the hip-girdle alone left. This is accom- 
panied by a much closer approximation to the fish type 
than is seen in the Seals ; the tail, short in the Seals, is 
here very long and bears a fin which, unlike that of the 
ordinary fish, is transversely set. The head is, in all, run 
into the body so to speak — ^there is no longer a true neck — 
and here again there is realised a true fish-like condition ; 
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in many, the vertebrae of that region all unite into one solid 
mass, which may itself unite with the vertebrae behind ; the 
articulations of the skull with the backbone are, as com- 
pared with those of a typical mammal, highly modified. The 
fore limbs are now quite destitute of nails, and converted 
into complete fins ; they correspond with our own arms and 
hands, and while in the Seals, as in ourselves and some of 
this tribe also, the joints of the fingers never exceed three 
in number, in others, their number may be^ increased with 
the elongation of this "fin." On the back there is often 
present a somewhat large dorsal fin, which like the tail fin 
is not supported by bone. The members of this group vary 
in length from four to about eighty feet, and they are found 
in all the great seas. Some are of a gregarious, roaming 
disposition, others follow up fish-shoals, while many feed on 
small animals. The " Killer- Whale " * will attack anything, 
from a Whale downwards, and some members of the group 
await the return of the Salmon at the river*s-mouth. 
Fluviatile representatives occur Jn S. America and in the 
Ganges. The head may be small and rounded as in our 
common Porpoise, or as in the Sperm-Whales {Physeters) 
may reach a length half that of the body ; the body itself 
is clad in a thick hairless skin. 

Highly modified as are these animals, they nevertheless 
cannot shake off their identity, for while the adult J of one 
genus alone — the Inia of the Amazon — has hair about its 
** beak," the young of all have at least traces of the familiar 
whiskers of the mammal. The eye, never so large and 
intelligent as that of the Seals, may be almost as small in 
comparison, as the Mole's, and it never has a nictitating 
membrane. The external ear has gone, but the Porpoise 
and some two or three others, when young, have this 

* Orca. A skeleton of this animal is exhibited in the Swedish collection. 
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appendage developed, like that of the Seals, but on a 
smaller scale ; in the case of the adult Porpoise indi- 
viduals have been also known to exhibit a trace of it. 
We saw in the Sturgeon, that the separation of the res- 
piratory from the feeding process was a matter of con- 
venience ; in all permanently aquatic mammals it obviously 
becomes a necessity, as we aU know what opening a mam- 
mal's mouth under water means. To this end, the larynx 
is here, as indeed it is in some land mammals, fastened into 
the nasal passage, and thus kept clear of the mouth. The 
nasal organs do not generally open at once on to the exterior 
as in ourselves, but into a large accessory chamber, which 
again opens by a single valvular "blow-hole." In the Baleen- 
Whales, the so-called blow-hole is double, and, as there is in 
them no accessory chamber, the couple of long tubes which 
put the nasal organ into communication with the exterior, 
are really the nostrils, much elongated. Seal-like but not 
saccular. The mode of respiration itself, is, in these 
animals, exactly that of other mammals ; ribs, diaphragm, 
and so on, all exist, and the notion that water is ejected 
in "spouting" is an entirely-erroneous one, for, as the 
animal begins to breathe before quite reaching the surface, 
the water above it is displaced by the outsetting current of 
air. The viscera and brain in these animals are entirely 
mammalian, and the only thing to be noted here, is that 
the stomach is very complex, as is that of many land 
mammals. Contrary to the general rule among these, no 
act of rumination accompanies this. The Whales cannot 
get back to the " gilled " state, but their blood system is 
nevertheless curiously modified. 

The flesh of many of these forms was formerly eaten 
even in this country, and still is elsewhere ; the tongue 
being a special dainty. The milk is at times used. The 

F 
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skin of the Porpoise, and chiefly of the White-fish 
(Beluga)* is still used for shoes, laces, and machine-bands. 
The visceral organs are used by the Northern Islanders 
for a variety of purposes, ranging from soups to cords, 
curtains, and even windows. The sinews, like those of 
the Seals, are pressed into service for threads. 

The blow-hole and nostrils vary very much in position, 
and in any case the shape of the no less variable fore- 
head, is the converse of that of the underlying skull ; 
just as the bony ridge over our own eye — that pet seat of 
the perceptive faculties — is of the underlying brain. In any 
case, there is in this region an enormous accumulation 
of fat, but the mere thickening of the skin of the head is 
no new feature, as many fishes, and especially the Sun-fish, 
possess this to the utmost degree. In the Sperm-Whales, 
there is in this region a great chamber known as the "case" 
filled not merely with fat, but oil, from which our spermaceti 
is obtained. Oils are also extracted from the blubber 
which invests the body, and which serves in life, as already 
noted, to regulate the bodily heat, and also as a protection. 
Fat accumulates beneath the skin for these reasons, but in 
our land forms, our butchers* shops show us that it does 
not do so to a very marked degree, until all the available 
space within the body is utilised. 

The ambergris of perfumery is obtained from the excreta 
of the Sperm-Whales, and is probably derived by them from 
the Cuttle-fish, upon which they feed. 

When we come to the teeth, we have to face a marvellous 
series of phenomena, every bit as much food for the mind, 
as the organs themselves are food for our markets. 

The whalebone of the Whalebone- Whales — the Baleen 

* Stuffed examples of this, conspicuous by the absence of a dorsal 
fin, are visible in the Canadian section. 
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or right Whales of fishers — not to say the great tusks of that 
veritable Unicorn, the Narwhal, are familiar to most people. 
These Cetacea are subdivided by naturalists into toothed 
(Denticete), and whaleboned (Mysticete) forms. We saw 
that the Seals found it necessary to modify their teeth, and 
in all living Cetacea they are small and of one uniform 
pattern — ^they never have more than one fang, and the teeth 
of the two jaws interlock like those of a fish. Most forms 
which retain their teeth, find it necessary to increase 
their number ; and while few mammals except these ever 
have more than forty-eight teeth in all, we find among 
them nearly double that number, in one case nearly 
two hundred being present. Others, as the Sperm- Whales, 
have no teeth in the upper jaw, and often but few — in 
one case * but two — in the lower ; still others, as one 
Grampus and the White-fish, early lose their teeth. 
When we come to the Baleen-Whales, we find that the 
enormous mouth, out of all proportion to everything else, is 
lined by the whalebone or baleen. In the higher animals, 
we have seen that the epidermis has become active in the 
production of hair, while beneath this, the dermis still 
retains its power — inherited from the fish — of forming teeth 
— mouth scales. On the body the hairs have replaced the 
body scales, and bearing in mind that in all this same skin 
forms the lining membrane of the mouth, what is more 
natural than that it should also carry in with it the power 
of forming hair ? this it does, and this hair, which hangs 
down from the roof of the mouth, we call whalebone. 
This is not all, for though in the foetus of these animals 
teeth are formed, they do not cut the gum ; they disappear 

* That of Sowerby's Whale. An instructive series of specimens 
including this, a Grampus, and other Cetacea, are displayed to the 
best advantage in the Swedish Collection. 
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and are said to be absorbed, that is, they are dissolved, and 
their constituents, whirled away in the current of the blood, 
are voided elsewhere. The modification and partial suppres- 
sion of the teeth seen in other forms, have in these become 
total, and hair has now replaced the mouth scales. Here then, 
just as in the case of the Frog and Tadpole, we have in 
the life history of the individual, a complete recapitulation 
of the changes undergone during its evolution in time — its 
so called phylogeny. The like is true of all living things ; 
but rarely are the steps so clear as here, where truly 
"he may run that readeth it." Similar structures to 
whalebone are nowhere wanting, the quills of the Porcupine, 
the horny part of horns, and even our own nails, are every day 
examples. The tongue of the Whales, unlike our own, is 
incapable of motion, and fixed to the floor of the mouth. 
On feeding, the animal swims open-mouthed on to its prey, 
the mouth is closed, and on raising its floor the water is 
drained off through this great " whalebone " strainer, leaving 
the enclosed thousands of lowly Jonahs to be swallowed at will. 
Going to the other extreme, the male Narwhal retains only 
one enormous canine tooth, which generally grows out on 
the left side to a length about half that of the body. Germs 
of the two canines exist in the young, and in the female 
both are absorbed. The two very rarely cut the gum in the 
male.* The Greenlanders still use this tooth as a weapon, 
and we for ornament and in turnery. Mankind, always 
ready to ascribe a magic power to that which he does 
not understand, has at times applied this organ to a 
medicinal purpose ; as to its use by the living animal, 
the most reasonable suggestion ever offered is, that by 
its agency ice-holes are kept clear for purposes of res- 
piration. 

* An example of this is shown in the Canadian Section. 
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There now remain but the Mermaids and their allies — 
the group of the Sirenia — for consideration ; setting aside 
the question of their fabled charms, their flesh, a royal dish 
among the Malays, is said to be good eating. In Queens- 
land Dugong bacon is still to be obtained.* Their bones 
are very dense and ivory-like, their skins are very tough, and 
from these, canes, sticks, and whip-thongs, are severally 
made. Their subcutaneous fat yields a substitute for our 
cod-liver-oil. 

There are but two genera living, and a third — the Great 
Northern Sea-Cow — has been extinguished within the 
last century and a half f These two are, the Dugong of the 
shores of the Indian Ocean, and the Manatee of East S. 
America and West Africa. Their bodies, \vhich conform 
somewhat to the fish type, rarely exceed 12 feet and never 
20 feet in length ; like the Cetacea, they have lost their 
obstructive external ears. While they, too, have replaced 
the hind limbs by a horizontal tail-fin, remnants of the 
pelvic girdle remain. The absence of the dorsal fin, the 
short neck, and the sparsely hair-clad skin, all show that 
they are not so highly modified as are the Whales ; the 
same is true of their fore-limbs, which, although modified to 
form paddles, are never elongated ; the modifications of the 
limb are, in fact the opposite of those seen in the Cetacea. 
In the Dugong, where they are most marked, the nails, 
present in the Manatee, have vanished, and the bony parts 
of the limb tend to run together. The larynx is not pro- 
longed into the nose as in the Cetacea, and a number of 
interesting internal modifications occur. 

* Stuffed examples of the two sexes of this creature are conspicuous 
among the New S. Wales exhibits. 

t In the Swedish Collection, among the trophies of the Flfjftf voyage, 
there will be found a beautiful skeleton of this animal. 
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When the muzzle is examined, we find that both lips 
are very large and prehensile. 

The teeth are strangely-modified ; no canines ever 
appear, and the incisors are always. lost, with the exception 
of two in the upper jaw, which become the large tusks of 
the male Dugong ; being Incisors they correspond to the 
tusks of the Elephant and riot to those of the Walrus. 
The cheek teeth, too, are highly modified; 5 on each 
side in the Dugong, there may be 10 in the Manatee, 
above and below. Unlike those of the Cetacea, however, 
they are not small and sharp, but broad, crushing organs, 
such as we find in the herbivorous mammals. Such in fact 
are these Sirenia, for they live on seaweeds and certain 
plant life. 

It is probably known to most people, that our sheep and 
oxen, and many other vegetable-feeders,^ instead of having 
incisor teeth in the upper jaw, have a callous pad, against 
which the lower incisors bite. The skin, which both lines the 
mouth and covers the body, forms this pad, just as it forms 
hoofs for their feet ; and in the Sirenia, each jaw, curiously 
modified, bears in front a large horny gum pad, in place of 
teeth. This is not all, for inside each cheek there is present a 
patch of true hair, modified to form neither horn nor whale- 
bone ; the roof of the mouth is also produced into a series 
of ridges, such as can be seen in that of a sheep in any 
butcher's shop ; these are often homy among mammals ; 
prolong them, and break them up, and something would 
result for which no name but whalebone could be found. In 
these Sirenia, then, there coexist, in the same mouth, teeth 
inherited from the fish, side by side with those later products 
in time — horn and hair. 
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